Click here for
DISCLAIMER

Document starts on next page



http://www.epa.gov/oeca/disclaimer.html

Unitea States Jfice of Water tPA 440 5-80-02
Environmental Protection Regulations anc Standaras Cctober 380
Agency Critena and Standards Division

‘Wasnington DC 20460

<EPA Ambient

W ater nlla!i v

“i LWl e WA

Criteria for
Asbestos

i 4




AMBIENT WATER QUALITY CRITERIA FOR
ASBESTOS

Prepared By
U.S. ENVIRONMENTAL PROTECTION AGENCY

Office of water Regulations and Standards
Criteria and Standards Oivision
washington, 0.C.

Qffice of Research and Jevelopment
Envirormental Criteria and Assessment Office
Cincinnati, Ohio

Carcinogen Assessment Group
Washington, D.C.

Environmental Research Laboratories
Corvalis, Oregon
Ouluth, Minnesota
Gulf Breeze, Florida
Narragansett, Rhode I[sland



OISCLAIMER
This report has been reviewed by the Environmental Criteria ang
Assessment Qffice, U.S. Environmental Protection Agency, and approvea
for publication. Mention of trade names or commercial products does not

constitute endorsement or recommendation for use.

AVAILABILITY NOTICE
This document is available to the public through the National

Technical [nformation Service, (NTIS), Springfield, virginia 22161.

il



FOREWORD

Section 304 (a)(l) of the Clean Water Act of 1977 (P.L. 95-217),
requires the Administrator of the Environmental Protection Agency to
publish criteria for water quality accurately reflecting the latest
scientific knowledge on the kind and extent of all identifiable effects
on health and welfare which may be expected from the presence of
pollutants in any body of water, including ground water. Proposed water
quality criteria for the 65 toxic pollutants listed under section 307
(a)(1) of the Clean Water Act were developed and a notice of their
availability was published for public comment on March 15, 1979 (44 FR
15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628).
This document is a revision of those proposed criteria based upon a
consideration of comments received from other Federal Agencies, State
agencies, special interest groups, and individual scientists. The
criteria contained in this document replace any previously published EPA
criteria for the 65 pollutants. This criterion document is also
published in satisifaction of paragraph 11 of the Settlement Agreement
Zn Natural Resources Defense Council, et. al. vs. Train, 8 ERC 2120

D.0.C. , modified, .D.C. .

The term "water quality criteria" is used in two sections of the
Clean Water Act, section 304 (a)(1l) and section 303 (c)(2). The term has
a different program impact in each section. In section 304, the term
represents a non-regulatory, scientific assessment of ecological ef-
fects. The criteria presented in this publication are such scientific
assessments. Such water quality criteria associated with specific
stream uses when adopted as State water quality standards under section
303 become enforceable maximum acceptable levels of a pollutant in
ambient waters. The water quality criteria adopted in the State water
quality standards could have the same numerical limits as the criteria
developed under section 304. However, in many situations States may want
to adjust water quality criteria developed under section 304 to reflect
lTocal environmental conditions and human exposure patterns before
incorporation into water quality standards. It is not until their
adoption as part of the State water quality standards that the criteria
become regulatory.

Guidelines to assist the States in the modification of criteria
presented in this document, in the development of water quality
standards, and in other water-related programs of this Agency, are being
developed by EPA.

STEVEN SCHATZOW
Deputy Assistant Administrator
Office of Water Regulations and Standards
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CRITERIA DOCUMENT
ASBESTNS
CRITERIA
Agquati¢ Life
No freshwater organisms have been tested with any asbestiform mineral
and no statement can be made concerning acute or chronic toxicity
No saltwater organisms have been tested with any asbestiform mineral and

no statement can be made concerning acute or chronic toxicity.

Human Health
For the maximum protection of human health from the opotential
carcinogenic effects of exposure to asbestos through ingestion of water and
contaminated aquatic organisms, the ambient water concentration should be
zero. The estimated levels which would result in incressed !ifetime cancer
risks of 107, 108, and 1077 are 300,000 fibers/}, 30,000 ibers/l,
and 3,000 fibers/1, respectively. Estimates for consumption of aguatic

organisms only, excluding the consumption of water cannot de sade.
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INTRODUCTION

Asbestos is a broad term applied to numerous fiorous mineral silicates
composed of silicon, oxygen, hydrogen, and metal cations such as sodium,
magnesium, calcium, or iron. There are two major groups of asbestos, ser-
pentine (chrysotile) and amphibole. Chrysotile is the major type of asbes-
tos used in the manufacture of asbestos products. These products include
asbestos cement pipe, flooring products, paper products (e.g., padding),
friction materials (e.g., brake 1linings and clutch facings), roofing pro-
ducts, and coating and patching compounds. In 1975, the total consumption
of asbestos in the U.S. was 550,500 metric tons,

Nf the 243,527 metric tons of asbestos discharged to the environment,
98,3 percent was discharged to land, 1.5 percent to air, and 0.2 percent to
water, Solid waste disposal by consumers was the single largest contribu-
tion to total discharges. Although no process water is used in dry mining
of asbestos ore, there is the potential for runoff from asbestos waste-tail-
ings, wetmining, and iron ore mining. Mining operations can also contribute
substantially to asbestos concentrations in water via air and solid waste
contamination. In addition to mining and industrial discharges of asbestos,
asbestos fibers, which are believed to be the result of rock outcroppings,
are found in rivers and streams.

The chemica) composition of different asbestos fibers varies widely and
typical formulas are presented in Table 1 (U.S. EPA, 1976). It should be
noted that the values obtained from actual chemical analysis of the various
fibers also may differ slightly from the typical formulas. Although chryso-
tile is considered to be a distinct mineral, the five amphibole minerals are
each varieties of other minerals (Zoltad and Stout, 1976). These minerals

differ from each other both chemically and physically with the exception that
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Typical Formulas for Asbestos Fibers
1. Serpentines Chrysotile Mg3Si1205(0H)4
2. Amphiboles Amosite (Mg,Fe}75ig022(0H)?2
Crocidolite Nap(Mg,Fe)5S1g022(0H)?
Anthophyiiite (Mg,Fe)75ig022(0H)?2
Tremolite CazMgsSiglz2(0H)2
Actinolite Caz(Mg,FeigSigl272(0H)>

»
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they all contain silicon and all form €izers wren crushed. Gcod cuality
ashestos will form fibers with nigner rat-2s of length t2 wigth than 200rer
arades.,

The hasic crystal form of the amphibole minerals is less complicated
than for chrysotile. The basic structure consists of 3 double silica chain
f3i4011> that s paired back -to-back with a layer of hydrated cations
between the chains (Speil and Leineweber, 1569).

Some typical physical properties of three different mineral forms are
presented in Table 2 (Gaze, 1965).

Asbestos minerals, despite a relatively high fusion temperature, are
completely decomposed at temperatures of 1,000°C. Both the dehydroxylation
temperature and decomposition temperature increase with increased Mg0 con-
tent among the various amphibole species (Speil and Leineweber, 1969).

The solubility product constants for various chrysotile fibers range
from 1.0 «x 10’11 to 3 x 10°12. Most materials have a negative suyrface
charge in aqueous systems, However, since chrysotile has a positive (+)
charge, it will attract, or be attracted to, most dispersed materials., The
highly reactive surface of asbestos causes many surface reactions which are
intermediate between simple absorption and a true chemical reaction., The
absorption of various materials on the surface of chrysotile supports the
premise that the polar surface of chrysotile has a greater affinity for
polar molecules (e.g., H,0,NH3) than for nonpolar molecules (Speil and
Leineweber, 1969).

Of all the asbestos minerals, chrysotile is the most susceptible to
acid attack. It is almost completely destroyed within 1 hour in 1 N HC! at
95°C. Amphibole fibers are much more resistant to mineral acids (Lindell,

1972).



TABLE 2

Typical Physical Properties of Chrysotile (White Asbestos),
Crocidolite (Blue Asbestos), and Amositer

Units Chrysotile Crocidolite Amosite
{white asbestos) (blue asbestos)

Approximate
diameter of micron 0.01 0.08 0.1
smallest fibers
Specific - 2.558 3.37 31.45
gravity
Average
tensile 1b/ineh? 3.5 x 105 5 x 105 1.75 x 105
strength
Modulus of 1b/inch? 23.5 x 106 27.0 x 106 23.5 x 106
elasticity
*Source: (Gaze, 1965
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The registance of the asbestos fibers to attack by reagents otrer tran
acid is excellent up to temperatures of approximately 100°C with rapig
deterioration observed at higher temperatures. C(hrysotile is completely
decomposed in concentrated KOM at 200°C. In general, organic acids have 3

tendency to react slowly with chrysotile (Speil and Leineweber, 1969).
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Aquatic Life Toxicology

EFFECTS

No appropriate data on the effects of asbestos on aquatic crganisms are
available at this time, Therefore, no freshwater or saltwater criterion can
be derived for asbestos. However, microscopic inorganic particles, analyzed
by transmission electron microscopy, have been detected in fish tissues
(Batterman and Cook, 1980). Tissue samples obtained from a river with known
chrysotile asbestos contamination and lake trout, brook trout, and channel
catfish exposed to lLake Superior water contaminated with amphibole fibers
have been found to contain mineral fibers identical to those in the water.
Muscle tissue concentrations are about one-twelfth of the average water con-
centrations (by volume) but liver and kidney fiber concentrations are 500
times greater than muscle tissue concentrations.
Summary

The only available data for asbestos and freshwater organisms results
from field studfes in which chrysotile and amphibole fibers have bdeen found
in tissues of fish collected from freshwater with known concentrations of
these mineral fibers,

No data are available for saltwater organisms.

CRITERIA
No freshwater organisms have been tested with any asbestiform mineral,
and no statement can be made concerning acute or chroni¢ toxicity.
No saltwater organisms have been tested with any asbestiform mineral,

and no statement can be made concerning acute or chronic toxicity.
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ASBESTOS

Mammalian Toxicology and Human Healtn Effects

INTRODUCTION

Estimating a risk factor for ingestion of asbestos presents significant
difficulties, Although gastrointestinal cancer has been linked to 3ccupa-
tional exposures in several groups of workers, no definitive data exist on
the effects of direct ingestion of asbestos, either in animals or rumans.
Further, only limited information exists on air exposure levels for those
human studies showing excess risk of gastrointestinal cancer and per::oneal
mesothelioma, Nevertheless, the most valuable data on risk are those from
human inhalation exposures, and these will form the primary basis for a oro-
jected criterion.

This document is not an exhaustive review of all asbestos literature nor
are all important papers mentioned herein. However, the papers selected are
deemed relevant for estimating dose response relationships.

EXPOSURE

Analytical Techniques

For the purposes of this document asbestos is defined to be chrysoti'e,
crocidolite, fibrous cummingtonite-grunerite including amosite, fidrous
tremolite, fibrous actinolite, and fibrous anthophyllite. The fibrosity of
the above minerals is ascertained on a microscopic level with fiber defined
to be particles with an aspect ratio of 3 to 1 or greater. This definit on
will apply to fibers of all sizes. Because of the impossibility of relating
fibers in any water system to bulk mineral deposits from whence they coame,
the mineral nature of fibers will generally be determined, when necessary,
by electron beam instrumentation (morphology, selected area electron a1f.

fraction, and electron microprobe analysis).



The analytical techninues for the measurement of asbestos minerals 1n
air or water sampies collected in occupational or general environmental zir-
cumstances are time-consuming, and the resuylts are of%en nighly variabie.
No single method is suitable for all monitoring circumstances. Techniques
appropriate for monitoring workplace exposures are unreliable when used to
evaluate the much lower environmental concentrations of asbestos, such as
those found in water, largely because of the presence of quantities of other
fnorganic and organic material. Electron microscopic methods used for envi-
ronmental monitoring are difficult to perform and cost!y. Reproducible re-
sults can be obtained in experienced laboratories if standardized techniques
are uytilized, careful aquality control is maintained, and periodic interla-
boratory comparison of results is made. With careful analysis of water,
interlaboratory precision can achieve relative standard deviations of 30 to
65 percent (Anderson and Long, 1980; Chopra, 1978), but without standardiza-
tion intralaboratory variability can be as great as a factor of ten, and in-
terlaboratory variability can exceed two orders of magnitude (Brown, et al.
1976).

Environmental-—Water: Considerable effort has taken place in recent
years to standardize techniques for the auantitation of eineral fibers in
water. All work to date has utflized electron microscooy. The presence of
numerous diatom spicules and other nonasbestos fibers in water and the great
difficulty of uniguely identifying mineral species or classes by optical
microscopy would appear to preclude the use of optical microscooy for even
the auantitation of large asbestos fibers in water. wWith electron micro-
scopy, however, relatively few experimental problems remsin, and reproduci-
ble results can be obtained by experienced laboratorfes. The disadvantage
of this method is the cost and time of analysis and the limited availability

of laboratories for the analysis of samples.
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The U.S. EPA has proposed an interim method for the analysis 3f asoestos
in water ‘Anderson and Long, 1980). From a l.i-ter sample, SO ¢o 300 =l is
filtered through 0.l micron polycarbonate !Nuclepore) filter, A portion of
the filter is placed on an electron microscope grid and dissolved >y the
Jaffe wick method and scanned by transmission electron microscopy at 10,000
to 20,000 magnification. Prior to dissolution, the flat polycarbonate fil-
ters are coated with carbon which serves to enmesh the collected material
and to reduce losses during dissolution of the filter material by chloro-
form, Twenty grid squares or 100 fibers are counted. The identification of
fiber type is by morphology for chrysotile and by selected area electron
diffraction for amphiboles. No attempt is made to determine the amphibole
mineral species. [f necessary, this can be done using energy-dispersive
X-ray analysis of each fiber. A1l individual fibers (length greater than
1

three times width), irrespective of length are counted in the grid sguares
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and f{lter can be ashed in an activated oxygen furnace, the remaining mate-
rial resuspended, ultrasonified, and refiltered.

The sensitivity of procedure this is such as to be able to detect about
250,000 fibers/liter (f/1) or less in most drinking water systems without
the need for the ashing and resuspension step. Most municipal water systems
~contain less than 1 mg/1 of suspended solids, and thus 200 ml of water can
be filtered through a 10 cnz filter for analysis. The counting of 20 grid
squares as prescribed above, scans 1.3 x 10'3 cmz of filter. In this

area typical background counts are less than two fibers, Thus, eight fibers
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counted would estadblish a detectable level in a given water sample. With
200 m) of water sampled, *this corresponds to 250,000 f/1. In water systems
having less suspended solids the lower limit of detection is proportionally
Tower. With systems containing more suspended material, similar detection
limits can be achieved following the ashing procedure.

A previously used technique of condensation washing of cellulose acetate
Millipore filter pieces on carbon-coated grids using acetone can resylt in
significant losses unless extreme care is taken. Carbon coating of the Mil-
lipore filter is ineffective in enmeshing the fibers because many of them
are trapped deep within the interstices of the membrane filiter. Condensa-

tion of acetone on the grid can result in the formation of pools of solvent

,,,,,,,,,,,

both chrysotile and amphibole fibers., The Task Group concluded:

The transmission electron microscope is the best basic instru-
ment for the analysis, particularly when it is equipped with se-
lected area electron diffraction and energy-dispersive spectroscopy
capabilities. The mean fiber concentrations by different groups
aaree within a factor of two. The interlaboratory reproducidility
of 50 percent can be expected in relatively clean water samples
unless the concentration is low. In samples with high concentra-
tions of interfering solids, the precision will not be as good.
When applied on a broad scale there are variable and significant
losses associated with the condensation-washing of samples contain-
ing amphibole. The losses are low and less variable when condensa-
tionwashing 1is used to prepare samples containing chrysotile
{Chopra, 1978).
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TABLE 1

Interlaboratory Precision Obtained in the Anaiysis of Water
Samples for Chrysotile and Amphibole Mineralsw

L . Mean Fiber Relative
Sample nmoer of Concentration Standard
Type Laboratories (106 fibers of Deviation
Report ing all sizes/1) of Analysis (%)
Chrysotile 10 877 35
Chrysotile 9 119 43
Chrysotile 11 59 41
Chrysotile 9 3 65
Chrysotile 9 28 32
Chrysotile 3 25 35
Amphibole 11 139 50
Amphibole 4 95 52
Amphibole 14 36 66

*Source: Anderson and Long, 1980 (see also Chopra, 1978)



Environmental -Air: As with water, the analysis of ambient air samples
by optical technigues introduces significant difficulties. First, the quan-
tity of asbestos in ambient air is only a small fraction of the total aero-
sol. This aerosol contains large quantities of organic and mineral material
of various origins, including many fibers other than asbestos. Therefore,
enumeration of fibers collected in ambient air may have little relevance to
the asbestos material present. [n one instance, a comparison of 25 ambient
air samples collected in buildings, some of which were contaminated with
asbestos, showed no correspondence between concentrations of fibers longer
than 5 um, as determined using optical microscopic techniques, and the total
mass of asbestos present, quantitated by electron microscopic methods (Nich-
olson, et al, 1975)., Here, using the National [nstitute for Occupational
Safety and Health (NIOSH) technique, no fiber concentrations measured ex-
ceeded 0.03 f/ml, and contributions to the measured filter concentration
from other than asbestos fibers were felt to be significant. A review (Dug-
gan and Culley, 1978) of the results of the analysis of six side-by-side am-
bient air samples by nine laboratories also highlighted the difficulty of
using optical microscopy at low asbestos concentrations. They found that
intralaboratory variability could exceed a factor of 10 and the results be-
tween laboratories could differ by a factor of 100. The possibility exists
that optical techniques using petrographic, polarized light microscopes or
dispersion staining techniques could produce better results. This has not
been investigated, however,

A variety of techniques, each of which utilizes electron microscopy,
have been developed for the analysis of asbestos in the ambient air. At the
present time, there is less agreement on an ideal method for air analysis

than for water analysis. Two general electron microscopic techniques are
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utilized for the analysis. 7ne invocives trne collection 2¢ asSestas In ce!l'-
ulose acetate /Millipore) or po'ycarbonate filters Nuc'epore' ‘Samucra, et
al. 1978) ard its subsequenrt transfer to electron microscoge 3rds.  “Tar
samples collected on cellulose acetate filters, the filter and =9 ected
material are ashed, the ash suspended in water, and the suspensicn filtered
through a polycarbonate filter. Such filters are then processed using tech-
niques similar to those used for water and previously discussed {(see Water
section). Although not well studied, the use of flat-surfaced polycar-
bonate filters in field situations may Tead to losses of particles prior to
sample preparation for analysis,

Direct transfer techniques have other limitations. Ambient aerosols are
made up of agglomerates of particles with asbestos fibers attached %o a
variety of other material. C(hrysotile asbestos, for example, with a posi-
tive surface charge, readily adheres to any of the large number of nega-
tively charged particles, such as clays, in the ambient air. Without dis-
persal, these agglomerations can result in the asbestos being obscured when
viewed by an electron microscope. Further, agglomeration can occur on the
filter during the long collection times required to quantitate low concen-
trations. In many cases, these agglomerates, which usually are of respir-
able size, contribute the most to the mass of the sample, Also, they may
occur so infrequently that a statistically reliable measure of their quan-
tity is difficult to obtain., To obviate these difficulties, techniques have
been developed in which collected material and filter are ashed in a low-
temperature, activated oxygen furnace. The resulting residue is dispersed
Dy physical means, either through the application of ultrasonic energy or
grinding, and is enmeshed in a nitrocellulose or collodian film for mounting

on electron microscope grids or is refiltered through a polycarbonate fil-
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ter. Sucn "rub-out® methods 3lso involve losses and, as with washing tech-
niques, regu're skilled development of the process. A significant disadvan-
tage o¢ *n s procedure is that the initial physical state of the asbestos is
alterec prior to enumeration. Therefore, information on the fiber size dis-
tribution is not available. Only mass concentrations can be determined.
(Nicholson, 1971a; Nicholson and Pundsack, 1973).

To date, there has been less interlaboratory agreement in the analysis
of air samples than for water sample analysis. In one interlaboratory com-
parison of samples collected near a road surfaced with serpentinite rock and
analyzed for the mass of chrysotile asbestos, intralaboratory differences
exceeded two orders of magnitude, and interlaboratory differences for labor-
atories using different analysis techniques exceeded four orders of magni -
tude. Fiber counts were similarly variable (U.S. EPA, 1977). On the other
hand, relatively good agreement (average relative standard deviation of 25
percent) was achieved by three laboratories in the analysis for amphiboles
of 12 samples collected in Silver Bay, Minnesota (U.S. EPA, 1976).

Analysis of amphiboles in air around Lake Superior by the U.S. EPA and
the State of Minnesota has been done using a cellulose ester filter for col-
lection. The filter is shipped to the laboratory where it is ashed in a low
temperature oxygen-activated furnace. The residue is resuspended and fi1-
tered through a polycarbonate filter. Good. recovery and low losses are
claimed by the investigators (Cook, 1978).

Occupational: In occupational circumstances, the current method of
quantitating asbestos air concentrations is to enumerate all fibers longer
than 5§ um collected on a specified area of filter, utilizing phasecontrast
light microscopy at 400X magnification [National [nstitute for Occupational
Safety :nd Health (NIOSH), 1972]. Such instrumentation does not allow

identif.--2°0n of the fibers according to mineral type nor is it even
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sufficient to establish if they are crganic or mineral in origin. !n
general, when the principle fiber in an aerosol is known to be asbestos,
this presents no problem. However, in some occupational circumstances, as
with the use of insulation materials, fibers of various origins are present
in the same material, and this can result in overestimates of the actual
asbestos concentrations,

The adoption of a 5 um cutoff for the lenqth of fibers enumerated was
imposed by the limitations of light microscopy. It has long been known that
fibers longer than 5 um and visible by phase contrast microscopy represent
only a small fraction of the total number of asbestos fibers in the air
(Lynch, et al. 1970). This would present no problem were fiber size distri-
butions similar in different circumstances. However, such is not the case.
It has been shown, using electron microscopy, that when chrysotile asbestos
concentrations in different exposure circumstances are enumerated, the frac-
tion greater than 5 um may vary by 10-fold (from 0.4 percent of the total
number of fibers present to approximately 5.0 percent). When amphibole
varieties of asbestos are also considered, the fraction counted can vary
more than 100-fold (Nicholson, et al. 1972). Thus, we do not have an accu-
rate yardstick for the quantitation of asbestos air concentration in the
workplace. This does not present serious problems when monitoring for stan-
dard compliance but complicates comparisons of health effects between vari-
ous industrial processes such as mining, manufacturing, and end product use.
[t also complicates extrapolations of dose-response relationships determined
in occupational circumstances to lower concentrations of asbestos measured
in the general environment by other techniques. Nevertheless, when assess-

ing exposure in a defined asbestos aerosol, the precision of optical methods



can be good. NIOSH (1976) has estimated that a coefficient of variation of
about 20 percent can be achieved in the assessment of asbestos concentra-
tions greater than 0.1 f/ml,

Although fiber counts have been utilized for the assessment of occupa-
tiona) asbestos exposure since 1966, in prior years other methods, usually
involving total! particle counts (fibrous and nonfibrous), were utilized.
Some attempts have been made to relate these earlier counts to present day
fiber concentrations (Lynch and Ayer, 1966). However, these have been found
to depend strongly on the particular asbestos use process, and no universal
conversion factor {s available that would relate total particle concentra-
tions in a given circumstance with asbestos fiber counts. It is unfortunate
that earlier data have limited relevance, since the disease experience that
we are seeing today is the result of exposures that took place 20, 30, or
more years previously when work conditions may have been considerably dif-
ferent from those currently existing., Thus, dose-response relationships are
tenuous and can only be approximate, based upon current data.

[ntercomparison of Techniques: A1l data, scant as they are, that relate
asbestos disease to exposure are derived from studies of workers exposed in
occupational environments. In these studies, concentrations of fibers long-
er than 5 ym were determined using optical microscopy or were estimated from
optical microscopic measurements of total particulate matter. On the other
hand, a1l current Jlow-level environmental assessments utilize electron
microscopic techniques which are not comparable to those used in the work -
place since optical techniques do not provide data on the number of fibers
less than 5 um in length, To extrapolate dose-response data obtained in
studies of working groups to environmental exposures, it is necessary to
establish the relationship between optical fiber counts and mass or total

fiber number determined by electron microscopy.
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Recent studies have attempted to relate optical fider counts 'fizers » 3
um) and TEM counts (al!l EM-countable fibers). An interlaboratory comoarison
of optical versus EM counts of chrysotile fibers suggested an averige ~2'3-
tionship between optical counts and TEM counts of 1:1000 (winer arz I:s-
sette, 1979). The samples studied included air samples from six pilants '2ne
asbestos cement, one brake lining, two treating mills, and two ‘exti'e
plants). Lower ratios are expected for amphibole fibers. An analys's =y
the U.S. EPA (Personal communication, J. Millette) relating optical fiser
counts of fibers longer than 5 um to total fiber counts by transmission
electron microscopy gave a ratio of 400 for six samples of asbestos ceiiing

insulation material (which, however, may contain fibers other than asbestcs

- A e madh cabiial 2l smmmlaal Nébaao daba = L1aY Y d 9AIRY o _oa
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Cama Aatbts awvied +hat malata Antiral Fiham ~aiinte (TAansam +tham & -~y e
JUITRE JaLd TAIIL LildL TCiIdWT UpekiLal T iWEr Luuiniva L iuniyey Lhagn 3 G

factor relating fiber concentrations (f/ml) to airborne asbestos mass
(ug/ma). The proposed standards for asbestos in Great Britain 5y :ne
British Occupational Hygiene Society (BOHS) stated that a “respirable® =ass
of 0.12 mg asbostos/n3 was equivalent to 2 f/ml (BOWS, 1968). It was not
stated how this relationship was determined. However, if it were from =aq-
nesium determinations in an aerosol, the weight determination would '‘'vely
be high because of the presence of other nonfibrous, magnesium-containing
compounds in the aerosol. Such was the case in the work of Lynch, et al.
(1970), and their values for the conversion factor are undoubtedly overest! -

mates. The data of Rohl, et al. (1976) are likely to be underestimates
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TABLE 2

Measured Relationships Between Optical Fiber Counts and Mass of Airborne Chrysotile

Fiberad Mass Conversion Factors
Counts Concentration
Sampling Situation (f/m)) (ug/m3) wo/md o g 103f /mg
f/ml  106f
Textile factory
BOHS (1968)
(weight vs. fiber count) 2 120 60 16
Air chamber monitoring
Davis, et al. (1978) 1,950 10,000 5 200
Monitoring brake repair work
Rohl, et al. (1976)
(€.M. mass vs. fiber count) 0.1 to 4.7 0.1 to 6.6 0.7 to 24b 170
(7 samples) ®ean = 6
Textile mil) 150¢ 6.7
friction products afyg. 70¢ 13.9
Pipe mfg. 45¢C 22.5

Lynch, et al. (1970)

3A11 fiber counts used phase-contrast microscopy and enumerated fibers longer than 5 um.

bConversion factor may be low due to losses in E.M. processing.

CConversion factor may be high because of overestimate of asbestos mass on the basis of total magnesium.
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because of possible losses 'n the geftermirzt-sn 29 ~—ag3 -, = .- Tt
SCOpy. No data exist on tre grocecures usad 0 leterTrce Tre tiit oY mepey
Sotile in the data presented by Davis, et al. (1373,

“he range of 5 to 150 for the conversion factor ~eliting ~3s3 I2~centri-
tion to optical fiber concentration is great, and any averige .3 .2 zer:,ag
from it has a large uncertainty. However, for the purpose 2f zxi-:izoliting
to low mass concentrations from fiber count, the gecmetr-: ~-ezn, 30
ug/m3/f/m1, of the above range of conversion factors will ne .sed. The
accuracy of this value is felt to be no more than a factor of 35 ang <nis
uncertainty severely limits any extrapolation in which it 1s Jsed. n the
case of amosite, the data of Davis, et al. (1978) suggest *hat a1 -zruersion
factor of 18 is appropriate. However, since this data yielded ':swer -~ryso-
tile values than all other chrysotile estimates, it may als: za “_~ €or
amosite,

Ingestion from Water

Asbestos is commonly found in domestic water supplies. Samples “~om 365
cities have been collected and analyzed by electron microscopy >y :ne ..S.
EPA. Of these, 45 percent had detectable levels of asbestos, usually of the
chrysotile variety (Millette, 1979). Table 3 lists the distribution of the
concentrations of these samples,

Earlier, asbestos had been reported in a variety of (Canadian water sup-
plies (Cunningham and Pontefract, 1971). These waters were found to contain
from 2.0 to 172.7 x 105 fibers/1. (In this subsection fibers will derote
all EM-countable fibers, irrespective of length). Two U.S. river systems
were also reported to contain chrysotile at average levels of from 0.3 to
1.5 ug/1 (Nicholson and Pundsack, 1973). Other reports include that of Kay

6

(1973) who found from 0.1 te 4 x 10° f/1 in various Canadian drinking

water sources.
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Distribution of Reported Asbestos Concentrations in

TABLE 3

Puerto Rico, and the District of Columbiad

Asbestos Concentration Number of Percentage

(106 fibers/1) Cities of Samples
Below detectable limitsb 110 30.1
Not statistically significant 90 24.6
Less than 1 90 24.8
1-10 34 9.3
Greater than 10 3 11.2
Total 365 99.8

aMillette, 1979

BFor these analyses average detectable limits were
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Juring 1973, large amounts of asbestos-like fibers of ampnhibole minerals
were found in the waters of Lake Superior, the source of drinking water for
Ouluth, Minnesota, and other cities (Cook, et al. 1974, 1376; Nicholson,
1974), Fiber concentrations during normal lake conditions ranged from 20 x
108 to 75 x 108 £/1 and from about 5 to 30 ug/1 in terms of mass
(Nicholson, 1974). DOuring storm conditions amphibole fiber concentrations
as high as 600 x 105 /1 were observed (Cook, et al. 1976). Filtration
plants now used in Ouluth maintain fiber concentrations below 0.1 x 10°
f/1 (Millette, 1979).

Certain U.S. water systems currently have high levels of asbestos as a
result of serpentine or amphibole deposits in their watersheds. These
include Everett, Washington, with concentrations of chrysotile above 10/
f/1; Seattle, with from 1 to 10 «x 106 f/1, and San Francisco, with chryso-
tile concentrations about 107 f/1 in some systems (Millette, 1979; Cooper,
et al. 1978).

Under certain conditions, asbestos cement (A/C) pipe may also contribute
asbestos to municipal water supplies. Asbestos fiber concentrations in A/C
pipe distribution systems were found to be as high as 38 x 106 chrysotile
and 4 x 105 amphibole fibers/1 in one Florida city; 17 x 105 in another
Florida town; and 47 x 108 £/1 in a Kentucky A/C pipe system. Water at
the end of a little-used A/C pipe line in Massachusetts contained as much as
480 x 106 chrysotile f/1 (Millette, 1976). Many of the A/C pipe systems
in Connecticut have been sampled and analyzed (Craun, et al., 1977). The
majority of samples taken after transit through A/C pipe showed concentra-
tions under 1 x 106 f/1, and only one sample was over 10 x 106 .

While there are an estimated 200,000 miles of A/C pipe now in use in the

United States, it {is apparent that not all A/C pipe sheds fibers. I[f the
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water ‘s nonaggressive the pipe does rot erode and contribute fibers to the
water (Hallenbeck, et al, 1978),

A study (Buelow, et al, 1980) of 10 A/C pipe systems showed that fibers
were added to the water by the A/C pipes of the 5 systems with aggressive
water (Aggressiveness Index <10.0) and little effect was seen in the non-
aqgressive systems. In two systems the pipe was eroded to a depth of 0.3
cm, in one case in a period of only 5 years. In this system fiber counts as
high as 550 «x 108 £/1 were measured in the distribution network versus
800,000 at the wel) source. In a third system high concentrations at a dead
end sample were attributed to debris from tapping and drilling of pipes in
the network.

Sampling of representative water utilities throughout the United States
has indicated that over half of the samples had water which was moderately
aggressive and 16.5 percent had very aggressive water (Table 4) (M{llette,
et al. 1979b). Water supplies in both the very aggressive and moderately
aggressive categories are potentially capable of eroding asbestos-cement
pipe (i.e., 68.5 percent of U.S. water systems) although the very aggressive
waters could be expected to result in the contribution of much higher fiber
concentrations.

Most data on asbestos in water are expressed in terms of fiber concen-
trations, enumerating fibers of all sizes using appropriate electron micro-
scope techniques. Some estimates exist (Millette, 1979) relating chrysotile
fiber concentrations to mass concentrations. Because the number-to-mass
relationship s highly dependent on average fiber length and diameter,
knowledge of the source of the fibers in the water is important in determin-
ing a conversion factor. Some average conversion factors are listed in

Table S,
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TABLE 4

Representative Average water Utility Aggressivenass Indicesd

Highly aggressiveb 16.5 percent
Moderately aggressivec 52.0 percent
Nonaggressived 31.5 percent

aM{1lette, et al., 1979
DHighly aggressive: pH + lagyg(AH)<10.0
CModerately aggressive: pH + log (AH) = 10.0 - 12.0

dnonaggressive: pH + log (AW)>12.0
where A = total alkalinity in mg/1, CaCO3
H = calcium hardness as mg/1, CaC03
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TABLE S

Relationship of Total Fiber Counts by Electron Microscopy and
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Similar information on the relationship of fiber count and mass has >een
published by Kay (1973), whose data suggest that 105 fivers corresponcs to
from 2 «x 10‘4 to 2 x 10‘3 ug in water systems. DQata on aspestos
concentrations from erosion of fibers from A/C cooling tower panels indicate
that the mass of 10° fibers is from 0.01 to 0.2 ug (Lewis, 1977).

Based on the aforementioned data, it is concluded that the majority
faporoximately 95 percent) of water consumers in the United States are ex-
posed to asbestos fiber concentrations of less than 106 f/1. In a few
areas people are exposed to concentrations between 1 and 10 million f/1 with
intermittent exposures over 100 million f/1. There is at least one area
where continuous exposure is over 100 million f/1. Persons using asbestos-
cement pipe in areas where the water is nonaggressive or is treated to pre-
vent corrosion are generally not additionally exposed. In areas of aggres-
sive water, however,6 the consumer may be exposed to added asbestos fiber
concentrations of from fewer than 1 million to over 100 million fibers per
liter, depending on factors such as length of pipe, flow rate, and minera)
content of the water,

The mass concentrations of chrysotile asbestos in the water of cities
with less than 106 f/1 are likely to be less than 0.0l ug/l, corresponding
to a daily intake of less than 0.02 ug. However, in areas with significant
contamination, whether from natural sources, man's activities, or erosion
from A/C pipes, the intake of asbestos from water sources can exceed 2
ug/day.

Ingestion from Food

There are scant data on the contribution of food products to population
asbestos exposure. Cunningham and Pontefract (1971) showed that various

heers and wines could contain quantities of asbestos fibers similar to those
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found in water systems (105 to 107 ¢/1). The source of this contamina-

tion could be from natural water sources or from the erosion of ashestas
fibers from filters used to purify the product. Asbestos filters are cur-
rently used for the purification of beverages and a variety of other food
products, but little data exist on possible fiber contamination from such
sources. Contamination of drinking water by fibrous glass and other synthe-
tic fibers used in cartridge filters has been measured at concentrations in
excess of 109 f/1 (Cook, et al, 1978),

Exposure from Orugs

Erosfon of chrysotile from asbestos filters, used to purify parenteral
drugs, has been documented (Nicholson, et al. 1972). Contamination levels
up to 1 ug/dose were noted in approximateiy one-third of drugs tested, indi-
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General Population Exposures: Asbestos of the chrysotile variety has
been found to be a ubiquitous contaminant of ambient urban air, A study of
187 quarterly composite samples collected in 48 U.S. cities from 1969 to
1970 showed chrysotile asbestos to be present in virtually all metropolitan
areas (Nicholson, 1971a; Nicholson and Pundsack, 1973). Table 6 lists the
distribution of values obtained in that study. Each represents an average
of from five to seven 24.-hour samples and thus averages over possible peak
concentrations which could occur periodically or randomly. A second set of
ambient air analyses is also shown for comparison (U.S. EPA, 1974). These
studies utilized different analytical techniques but the results agree well,

In both studies, 98.5 percent of the 24 -hour sampies had chrysotile asbestos
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TABLE 6

Distribution of 24-Hour Chrysotile Asbestos
Concentrations in the Ambient Air of U.S. Cities*

Electron Microscopic Analysis

Mount Sinai Battelle
School of Medicine Memorial [nstitute
Asbestos
Concentration Number Percentage Nymber Percentage

(ng/m3) of of of of
less than samples samples samples samples
1.0 61 32.6 27 21.3
2.0 119 63.6 60 47.2
5.0 164 87.7 102 80.1
10.0 176 94.2 124 37.6
20.0 184 98.5 125 8.5
50.0 185 99.0 127 100.0
100.0 187 100.0 127 100.90

*Source: Nicholson, 1974; U.S. EPA, 1974
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concentrations of ‘'ess than 20 ng/m3. Of the three samples greater *har

20 ng/'n3

analyzed dy the Mount Sinai School of Medicine, one was in a city
having a major shipyard and another in a city that had four brake manufac-
turing facilities. Thus, these samples may include a contribution from a
specific source in addition to that of the general ambient air,

Similar data with the same range of mass concentrations have recently
been reported from France, providing evidence of the presence of chrysotile
in the ambient air of Paris (Sebastien, et al. 1976).

In a study of the ambient air of New York City, in which samples were
taken during daytime working hours, values higher than those mentioned above
were obtained (Nicholson, et al. 1971). These were 6- to B8-hour samples
collected between 8:00 A.M. and 5:00 P.M., and they reflect what could be
intermittently higher concentrations from construction activities or automo -
bile usage during those hours compared to nighttime periods for example.
Table 7 records the chrysotile content of 22 samples collected in the 5
boroughs of New York, [t should be noted that the samples analyzed in all
of the studies discussed above were taken during a period when fireproofing
highrise buildings by spraying asbestos-containing materisls was permitted.
The practice was especially common in New York City. while no sampling sta-
tion was known to be located adjacent to an active conmstruction site, unusu-
ally high levels could nevertheless have resulted from the procedure.

To determine if construction activities could indeed De a significant
source of chrysotile fiber in the ambient air, 6- to 8-hour daytime sampling
was conducted in lower Manhattan in 1969 near sites where extensive spraying
of asbestos <ontaining fireproofing material was taking place. Table 8

shows the results of this sampling and demonstrates that spray fireproofing
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TABLE 7

Chrysotile Content of Ambient Air in
New York City by Borough

(6- to 8-Hour Daytime Samples)*

Asbestos air level in
10-9 g/m3 (ng/m3)

Sampling Number of

Locations Samples Range Average
Manhattan 7 8-65 30
Brook 1yn 3 6-39 19
Bronx 4 2-25 12
Queens 4 3-18 9
Staten Island 4 5-14 8

*Source: Nicholson, et a™ 1971
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TABLE 8

Chrysotile Air Levels Near Spray Fireproofing Sites in New York City
(6- to 8-Hour Daytime Samples)*

Asbestos air ievel
10-9 g/m3 (ng/m3)

Sampling Number of
Locations (distance from site) Samples Range Average
1/8 - 1/4 mile 11 9 - 375 60
178 - 1/2 mile 6 8 - 54 25
1/72 = 1 mile 5 3.5 - 36 18

The above concentrations reflect both downwind and upwind sampling locations,

*Source: Nicholson, et al, 1971

C-24



did contribute significantly to asbestos air poilut cr. 7 some instances,
chrysotile asbestos levels approximately 10 times <re concentrations typ! -
cally found in ambient air were oDservec,

Asbestos contamination has also bDeen documentad Dy 2nalysis c¢f samples
collected within duildings. In a study of 116 samples collected in or near
19 buildings (primarily office) in 5 U.S. cities, average chrysotile air
concentrations ranged from 2.5 ng/m3 to 200 ng/m3, with individual mea-
surements from 0O to 800 ng/m3 (Nicholson, et al. 1975). For the outside
atr, the variation for the average concentration at a given site extended
from 0 to 48 ng/m3. Buildings in which a loose asbestos fireproofing

material was applied to the structural steel surfaces had evidence of sig-
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were ohcervad during activities which disturbad loose asbestos (Sawyer
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schools, in absence of any disturbance of the ashestos ranged up to 2,000
ng/m> (Nicholson, et al. 1978; Sebastien, et al. 1976). Finally, analysis
of the air of asbestos workers homes indicate that chrysotile concentra-

3 can be encountered (Nicholson, et al. 1978).

tions as high as 5,000 ng/m

Figure 1 summarizes the ranges of chrysotile concentrations in the vari-
ety of envirormental and occupational circumstances discussed above. The
concentration ranges are only approximate and in most cases are limited be-
cause of the limited number of samples taken in given circumstances. Exten-
sfon to higher and lower concentrations would be expected with the avail.

ability of more data.
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Although the fate of the asbestos in inspired air is only approximately

known, it appears that eventually more than half the asbestos inhaled will

be swallowed [see Effects section). Assuming that an individual sreathes 10
ms in 24 hours, most ambient air levels of chrysotile (1 to 10 ng/m3)

result in aexposures to the gastrointestinal tract of from 0.01 to Q.05
ug/day of asbestos, although, in some circumstances, inhalation could pro-
duce gastrointestinal exposures exceeding 0.1 ug/day. These exposures are
to be compared with those from water ingestion which lead to daily intakes
of lass than 0.02 ug (see Ingestion from Water section). Though the data of
Tables 3 and 6 are not related to the same population bases, it would appear
that inhalation can give rise to exposures at least equal to that of direct
ingestion for most of the population of the United States.

Only after 1966 has occupational monitoring attempted to quantify asbes-
tos exposures by fiber counting techniques. Since then, considerable data
have accumulated on occupational exposure of workers to asbestos. A large
compilation of such data is fncluded in the 1972 Asbestos Criteria Document
{NIDSH, 1972). Levels during the period from 1966 through 1971 were gener-
ally under 10f (f>S5um)/ml, although concentrations exceeding 100 f/mi were
observed, particularly in two plants producing amosite insulation materials
and in uncontrolled textile mills. Data on earlier exposures are lacking
although some estimates have been made of insulation.workers' exposure
(Nicholson, 1976) and factory environments (BOHS, 1968; Newhouse and Berry,
1979). Although average exposures of 10 to 40 f/1 are likely to have pre-
vailed, peak or localized exposures in excess of 100 f/1 would have been
encountered often by some individuals.

For purposes of estimating dose-response relationships, those data that
are available for given work environments will be discussed in conjunction

with the measured health effects.
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PHARMACOKINETICS

Absorption and Distribution

Ingestion: A key question in the evaluation of cancer risk associated
with the ingestion of asbestos in water is whether microscopic fibers under
normai alimentary canal conditions can migrate through the gastrointestinal
mucosd. Such movement of fibers could enable their residence in bowel wall
or, following hematogenous or lymphatic transport, the peritoneum and other
organ tissues. This has been well answered by the work of Carter and Taylor
(1980) who demonstrated the presence of amphibole fibers, characteristic of
those in Duluth, Minn. drinking water, in tissue samples of liver, jejunum,
and lung of deceased Ouluth residents. Among 96 tissue specimens of 32
Juluth residents amphibole fibers were found in 60, with concentrations
ranging from 3 x 105 to 16 x 10° fibers of all sizes/gram of tissue.
Amphibole fibers were found in only 2 of 61 tissue specimens of 21 control
subjects deceased in Houston, Texas and St. Paul, Minn. As air sampling
gave no evidence of amphibole air contamination in ODuluth, the authors
attribute the highly significant evidence (p <0.001) of tissue contamination
to transmucosal uptake of fibers ingested by drinking amphibole contaminated
Duluth water,

Some studies of tissues of animals that had ingested fibers report no
evidence of fiber transport through the gastrointestinal lining (Gross, et
al. 1974), These results, however, have been called into question on the
basis of the insensitivity of the assay technique used (Cooper and Cooper,
1978). Evidence for such movement is reported in other studies (Cunningham
and Pontefract, 1973). Cunningham, et al. (1977) observed chrysotile fibers
in the blood and tissues of rats which previously were fed a diet of one

percent chrysotile asbestos for six weeks. Westlake, et al. (1965) identi-
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fied chrysotile fibers in the colon mucosa of rats fed chrysotile asdestos.
Scanning electron micrographs have revealed large amosite asbestos fiters
penetrating epithelial cells of rat jejunal mucosa tissue (Storeygard ind
Brown, 1977). Kidney cortex tissue of neonate baboon fed chrysotile for
nine days was found to contain a statistically significant (p = 0.005) ex-
cess of chrysotile fibers compared to kidney cortex tissue from an unexposed
neonate baboon (Patel Mandlik and Hallenbeck, 1978). Cunningham and Ponte-
fract (1974) observed passage of chrysotile fibers from the blood across the
placenta to the fetus.

Ingestion of small particles other than asbestos has also resulted in
the subsequent observation of particle accumslation in tissues of animals,
Mice that drank water suspensions of 2 um diameter latex spheres for two
months were found to have the latex particles accumulated in macrophages in
intestinal Peyer's patches (LeFevre, et al, 1978). Latex particles of 0.22
um were reported to migrate from rat stomachs to lymphatics of the mucosa
and also to liver and kidney tissues (Sanders and Ashworth, 1960). Much
larger particles of silica, opal phytoliths from plants, are observed in
digested mesenteric lymph node and kidney tissue from sheep which eat cereal
chaff and grains (Nottle, 1977).

Evidence for the human intestinal uptake (“persorption”) of particles as
large as 75 um is provided by the observation of starch granules in blood
only minutes after ingestion (Volkheimer, 1974). Sleep, smoking, and caf-
feine are reported to increase the number of starch particles in the bdlood.
Oyed cellulose particles are also identified in human blood and urine fol-
lowing ingestion of specially stained plant food (Schreiber 1974). The cel-
lulose fibers are found 1in urine several weeks after ingestion. Langer

(1974) found asbestos fibers in extrapulmonary organ tissues of asbestos
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workers, although fewer than in lung and pleura tissue, and maore finers ir
kidney than in liver, pancreas, adrenal, or spleen tissue.

Human yrine sediment examined by transmission electron microscopy may
contain amphibole fibers which originate from ingestion of drinking water
contaminated with these mineral fibers (Cook and Olson, 1979). Ingestion of
filtered water resylts in eventual disappearance of amphibole fibers from
yrine, These observations provide direct evidence for the passage of min-
eral fibers through the human gastrointestinal mucosa under normal alimen-
tary canal conditions. Measured concentrations of amphibole fibers elimi
nated in uyrine represent approximately 1 x 10'3 of the number of fibers
ingested with drinking water., To the extent that some fibers are perma-
nently retained by the body or eliminated by other routes after passage
across the gastrointestinal wall, the urine concentrations are an underesti
mate of ingested fiber absorption.

Inhalation: [Inhalation of asbestos dust is accompanied by ingestion of
many fibers cleared from the respiratory tract by mucociliary action. The
occurrence of peritoneal mesothelioma, excess gastrointestinal tract can-
cers, and possibly cancers at other nonrespiratory tract sites could result
from migration of fibers through the gastrointestinal mucosa. Additionally,
fibers may reach organs in the peritoneal cavity by transdiaphragmatic
migration or lymphatic-hematogenous transport. However, this would likely
be a very small contribution compared to transmucosal migration following
ingestion. The amount of inhaled asbestos which is eventually ingested is
important for an assessment of cancer risk based on the excess gastrointes-
tinal cancer observed for occupational exposures (see Effects section).

Whether inspired asbestos fibers will be deposited in the lung depends

stronqly upon their diameter., Timbrell (1965) has shown that a fiber, inde-
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reat, 3rain and Yo'herqg /1874 nave ceveloped a -gge’
for 2erosol deposition in the respiratory tract according ta aerocynamiz
parameters. They indicate *that about S50 percent of particles w~ith 2 mass
nedian diameter of less than 0.1 um will be deposited on nonciliated ou mo-
nary surfaces. This fraction falls slowly to 25 percent at 1 um and "o zero
at above 10 um. Deposition on nasal and pharyngeal surfaces becomes :mpcr -
tant at 1 uym and rises rapidly to be the dominant deposition site for part:-
cles 10 um in diameter or greater, Thus, few fibers with a diameter as
large as 2 um are likely to penetrate into the alveolear spaces, although
finer fibers, even as long as 200 um, may do so.

Once inhaled, a large fraction of the inhaled dust is rapidly c'eared
from the respiratbry tract by mucociliary action although some fibers wi'!
remain in the lung and be found there decades after exposure (Pooley,1973,
Langer, 1974). Because of the ubiquitous exposure of individuals to asbes-
tos, chrysotile fibers can be found in the lungs of most urban dwellers
(Langer, et al., 1971; Gross, et al., 1973). Additionally, larger fiders
trapped in the lungs may become coated and form asbestos bodies. These can
be readily observed by optical microscopy in tissue sections and in lung
smears (Thomson, et al, 1963; Langer, et al, 1973). The number of fibers or
asbestos bodies found in given circumstances depends strongly upon the
nature of the previous exposure of the individual.

The clearance of asbestos from the respiratory tract of rats has dDeen
studied directly in a series of experiments (Morgan, et al, 1975; Evans, et
al, 1973), Samples were made radioactive by neutron irradiation, which en-
abled the mass of asbestos in various tissues to be determined., I[n a series

of 3J-minute exposures with different varieties of ashestos, the deposition
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and clearance in the respiratory tract were followed. At the conclusicn of
the inhalation, the distribution in various organ systems was determined.
The results are shown in Table 9, As can be seen, rapid clearance from the
upper respiratory tract occurs with up to two-thirds of the fibers being
swallowed and found in the gastrointestinal tract. Long term respiratory
tract clearance or drainage via the lymphatics leads to additional dissemi -
nation,

Other data on the deposition and retentton of inhaled asbestos have been
reported by Wagner, et al., (1974), Figure 2 shows the dust content of rat
lungs following exposures to different asbestos varieties. As can be seen,
the chrysotile content of the lung does not build up as significantly as
that of the amphiboles for similar exposure circumstances. This is likely
the result of some dissolution of chrysotile by body fluids.

Most inhaled or directly ingested asbestos particles which pass through
the gastrointestinal tract are excreted in feces (Cunninghem, et al. 1976).
As mentioned previously, some fibers are absorbed by the gastrointestinal
tract and are eventually eliminated through the urinmary tract (Cook and
Nlsor, 1979).

EFFECTS

Acute, Subacute, and Chronic Toxicity

Acute effects are of little consequence in the inhalation exposure of
individuals to high concentrations of asbestos dust. Some temporary breath-
ing difficulty has been reported by workers in various circumstances, but
such discomfort has not limited employment in the industry,

Short -term effects have been described in a recent study dy Marliss, et

al. (1978) who found airflow abnormalities in 17 of 23 individuals examined
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TABLE 9

‘Distribution of Fiber at the Termination of Exposure
(% of Total Deposited)d,d

Lower
Fiber Pafiigisb Esophagus 6l Tract Res$::2§ery

Chrysotile A 9 +3 2 +1 51 +9 8 + 8
Chrysotile B 8 +2 2+1 54 + 5 36 + 4
Amos ite 6 +1 2 +1 57 + 4 3§ +5
Crocidolite 8 +3 21 51 +9 39 +5
Anthophylilite 7 +2 2+1 61 + 8 30+8
Fluoramphibole 3+2 1+1 67 + 5 29 + 4
dMorgan, et al. 1975
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FIGURE 2

Mean weight of Dust in Lungs of Rats in Relation to Dose and Time

Source: Wagner,K et al, 1974
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1.5 and 8.0 months following a relatively interse five-month exposure %o
asbestos. ONf the 17, 12 were nonsmokers or current light or ex-light smok -
ers (less than l0-pack years). The obstructive abnormalities were usual'y
present in measurements both of one minute forced expiratory volume and of
closing volume determinations.

Although human data on initial changes are unavailable, Holt, et al.
(1964) described early (14 -day) local inflamatory lesions found in the ter-
minal bronchioles of rats following inhalation of asbestos fibers. These
consisted of muitinucleated giant cells, lymphocytes and fibroblasts. Pro-
gressive fibrosis followed within a few weeks of the first exposure to dust.
(These early alterations in animals may be related to the early human find-
ings above). Davis, et al., (1978) described similar early lesions in rats
consisting of a proliferation of macrophages and cell debris in the terminal
bronchioles and alveolae.

Jacobs, et al, (1978) fed rats 0.5 mg or 50 mg of chrysotile daily for 1
week or 14 months and subsequently examined gastrointestinal tract tissue by
light and electron microscopy. No effects were noted in esophagus, stomach,
or cecum tissue but structural changes in the ileum were seen, particularly
of the villi. C(Considerable cellular debris was present by light microscopy
in the fleum, colon, and rectum tissue. The electron microscopic data con-
firmed that of light microscepy and indicated the observed changes were con-
sistent with a mineral -induced cytotoxicity.

A single oral administration of from 5 to 100 mg/kg of chrysotile to
rats has produced a subsequent increase in thymidine in the stomach, duo-
denum, and jejunum (Amacher, et al. 1975). This suggests that an immediate
response of cellular proliferation and ONA synthesis may be stimulated by

chrysotile ingestion.
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The long-term disease entity, asbestosis, resulting from the inhalation
of asbestos fibers is a chronic, progressive pneumoconiosis, [t is charac-
terized by fibrosis of the lung parenchyma, usually radiologically evident
after 10 years from first exposure, although changes can occur earlier fol-
lowing more severe exposures. Shortness of breath is the primary symptom;
cough is less common; and signs such as rales, finger clubbing, and, in
later stages of the disease, weight loss appear in a proportion of cases.
The disease was first reported 7 decades ago (Murray, 1907) and has occurred
frequently among workers occupationally exposed to the fiber in ensuing
years., Characteristic X-ray changes are small, irregular opacities, usually
in the lower and middle lung fields, often accompanied by evidence of pleu-
ral fibrosis or thickening, and/or pleural calcification. Both the visceral
and, more commonly, parietal pleyra may be involved. The mechanism of
action and translocation of asbestos fibers to the parietal pleura is uncer-
tain; both direct migration (Kiviluoto, 1960) or transport via lymphatics
(Taskinen, et al. 1973) have been suggested.

Currently, SO to 80 percent of individuals in occupational groups with
exposures beginning more than 20 years earlier have been found to have ab-
normal X-rays. These include asbestos insulation workers (Selikoff, et al.
1965}, miners and millers (Mount Sinai, 1976) and asbestos factory employees
(Lewinsohn, 1972). In many circumstances the disease progresses following
cessation of exposure; in a group employed in an asbestos factory for vari-
ous periods of time between 1941 and 1954, X-ray changes were observed years
following exposure in individuals having exposures as short as one week
(Personal communication, [.J. Selikoff).

Restrictive pulmonary dysfunction {s also seen with asbestos exposures

and may be accompanied by diffusional defects or airway obstruction (Bader,
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et al. 1961). In the early stages of aspestosis, there is limited correli-
tion between physiologic parameters, such as lung function tests. L_ater,
X -ray changes and the lung function deficits are more highly correlated, >ut
still incompletely so.

The above chronic effects are common among occupational groups directly
exposed to asbestos fibers. They also, however, extend to those employed in
other trades working near the application or removal of asbestos. Among
workers other than insulators employed at a shipyard for longer than 1[5
years, 48 percent were found to have abnormal X-rays (Selikoff, et al.
1979b). Similar data were obtained in a study of maintenance personnel in a
chemical plant (Lilis and Selikoff, 1979). Even family contacts (wives,
children, etc.) of workers can be affected. Anderson, et al. (1976) rave
shown that 36 percent of 626 family contacts of workers employed some time
between 1941 and 1954 at an asbestos insulation manufacturing facility had
X-ray abnormalities years later characteristic of asbestos exposure.

In addition to disease and disablement during life, asbestosis has ac-
counted for a large proportion of deaths among workers, The first reports
of the disease (Auribault, 1906; Murray, 1907) described complete eradica-

tion of working groups. Much improvement in dust control has taken place in
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ually capable of producing ashestosis, in

both man (lrwig, et al. 1979) and animals (Wagner, et al. 1974}. In groups
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exposed at lower concentrations such 23S the ‘amilieg of workers, there -3
less incapacitation, and death €rom asbestosis has not ~een reported.

Ext~a-pulmonary chronic effects reported include “ashestos carng” ©ea~
the penetration of asbestos fibers into the skin and their~ incorporation in
dermal layers, and instances of Caplan's syndrome (rheumatoid pneumoconio-
sfs). No chronic, nonmalignant gastrointestinal effects are reported.

Teratoqenicity

No data exist on the presence or absence of teratogenic effects from the
innalation or ingestion of asbestos, although transplacental transfer of
asbestos has been reported (Pontefract and Cunningham, 1973; Cunningham and
Pontefract, 1974)

Mutagenicity

In a preliminary study chromosomal aberrations were seen in Chinese ham-
ster cells cultured in a medium containing 0.01 mg/m) of either chrysotile
or crocidolite (Sincock and Seabright, 1975). No chromosomal aberrations
were seen in culture with coarse glass fibers or with contro) media. A more
extensive series of experiments by Sincock (1977), using several chrysotile
and crocidolite samples, showed that both positive transformation of
morphology and positive genetic responses result from the passive inclusion
of asbestos in culture media of CHO-K1 Chinese hamster cells. Very fine
fibrous glass produced the same abnormalities, but chemically leached
ashestos fibers produced fewer abnormalities than those untreated. The
principal results are shown in Table 10.

Chamberlain and Tarmy (1977) tested UICC asbestos samples of chrysotile,
amosite, anthophyllite, and samples of superfine chrysotile on several
strains of £. colf and S. typhimurium bacterial systems in which mutageni-

city to exogenous materials appears to correlate well with animal carcino-
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TABLE 10

Effects of Different Trealments om Chromosomes of CHOXI - Chinese Hamster Cells®

SFA Rhodes tan Canadion ulec vice vice
Chryso- Chwryso- Chryso- Croc ldo- Mtho- Amos ite 1o Control
tile tile a tile b Jite phyllite
Polyploide 2 2) 217 26 2 14 3] 4
Colls with fra ts 13 14 1 10 10 16 0 0
Other abasrmalities £} ’ 15 29 9 13 0 v
Percent abmedmal karyotypes &2 M > 56 26 a1 3
Mhodes i an fhodas tan Canadian Canadian uice uice
Chryse- Chryso- Chryso- Chryso- Crocido- Crocido- 6lass Control
tile & tile o tile s tile b Hte Vite 10
Leached Leachad Ni) led
Poiyploids 3] 6 26 10 26 6 6 4
Cells with fra ts 13 0 9 0 14 9 1] 1]
Other shaarmalities 10 0 19 4 20 3 0 0
Percent shasrmal cells 3 | [ 42 14 52 16 6 4

*This tahle summorizes the principal results reported in Sincock (1977).
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genic test data. Several positive and negative controls were used in all
experiments, No mutagenicity was observed in any of the bacterial strains,

The authors ooint out that prokaryotic cells (bacteria) do not pnagocytize

Minn., focused attention on the problem. As an

outgrowth of the Reserve Mining Company trial in which the federal govern-

- LA G 8

ment sought abatement of the Lake Superior pollution, two compilations from
four laboratories were made of studies which showed negative results on the
ingestion of asbestos.

Smith 1973) reported results of feeding 45 hamsters 1 percent chryso-
tile or amosite in their diet. A neoplasm of the mesentry of the colon was
found, which was discounted because no fibers were identified in the tumor;
no details were given concerning how the fibers were sought. The actual
dosage of asbestos was not given, nor were other relevant experimental
details provided. However, the finding of fibers in tumor tissue would be
unlikely and, as these tumors are rare in hamsters, this result cannot be
dismissed out of hand.

Gross, et al, (1974) reported the results of a series of feeding experi-
ments with chrysotile and crocidolite. The data were the unpublished re-

sults o various experiments conducted over the previous 10 years by three
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laboratories, A1l available data on these experiments ire listed :n Taple
l11. The data are flawed for several reasons. The numbers in each experi-
mental group were small, the doses administered limited, and significant
information on experimental procedures lacking, Also, systematic histoiogi -
cal examination, which was of most significance, was done on only 53 of
over 200 animals.

Wagner, et al., (1977a) fed groups of 32 rats 100 milligrams per day of
chrysotile or talc in malted milk for 100 days over a 6-month period of
time. A small decrease in survival time was observed in the two study
groups: 614 and 618 days versus 641 for the controls. Two gastric leiomys-
sarcomas were observed, one in each exposure group. Interpretation of ‘he
results of this experiment, too, is difficult because of the small number of
animals in experimental groups.

As an outgrowth of concern for the use of asbestos filters in the our'.
fication of wine products and the possible effects of erosion of asbestos
fibers from those filters into the final product, 2 study was undertaken 1in
which asbestos filtered material was fed to rats (Gibel, et al. 1976).
Twelve malignant tumors developed in experimental animals, including four
kidney tumors. No tumors of this site were found in control groups. This
observation of renal cancer takes on significance in 1ight of the finding of
an elevated risk of ‘kidney cancer among asbestos insulation workers
(Selikoff, et al. 1979a) and a high excretion of asbestos fiber in the urine
of humans drinking fiber-contaminated water (Cook and Olson, 1979).
However, this report provides only limited experimental detail, and he
filter materia) was composed of sulfated cellulose and a condensation resin
in addition to 52.6 percent chrysotile asbestos. The presence of otner

substances confounds the study in relation to asbestos carcinogenicity.
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TABLE 1)

Sommiry of Experiments on the [ffects of Oral lagestion of Asbestos

' Material Sosa Animals ixamined Findi Average Sur-
Animal Species Admialstered 9 for Tumors (““'u(.rurs) llvarll-
Gibel, ot al. (1976)
28 male and 25 ashastes filter SO mg/kg bu/day 42 4 Kidney corcinomas 441 days
female Mistar materfal contain- fa the diet for ) reticulosarcomas
rals ing 52.68 te 4 Viver—cell carcinomas
chrysetiie i ung corcinoma
5 maie and 25 talkc E) ﬁi‘j bwjday L H 3 Vivar <abd corcinemas 49 days
female Mistor in the diat for
Tats LT
2% male and 28
famale Wister
rats centre) Centrel 49 2 Viver-cell carcinamas 102 days
Magmer ot a). (1977a)
32 Wistar SPF VICC Conadiam 100 mgjday 5 iz i gasiric ieiomyesarcoms $18 days
rats chr tle ta days/wesk for
aaaﬁ."a.".a powiar Eg““‘
32 wistar O Jtalfan tale 188 sg/dey S » ! gastric lelempesarcoms §14 days
rats daysfuaek feor
100 days
16 Wistar ¥
rats contre) Contrel 16 aone 64) days
Qress, ot al. ()904)
10 =»sle rots bal)-@illed i by weight 10 atng sacr ificed
et it ained o foad ans
with laberatery for 21 msaths

e
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TABLE L1 (comtfnued)

Summary of fxperiments on the fffects of Oral {ngestion of Asbestos

Anima) Species Mater tad Dosa fnimals Examined findings Average Sur-
AMuinistered ”* for Tumors {walignant f..m) nn?ell:e
Gross, at al. {1974)

S "laboratory* contre) conatro) 5 fRone sacr ificed
rats
33 Wirstar Mhades Lon 10 mg week 1y 31 less 2 breast carcinosas nat stated
SPF rats cheysetile for 16 weeks *a few®

0.m-0.48
313 Wister crocidelite la S mg weekly 33 less noae not stated
SPF rats butter 0.2% - for 16 weeks *a few"

0.4% sixtare
3 Mistar crocidolite in 10 week ly 34 less 1 Vyephoma nol stated
PF rats butter 0.2% - for 16 weeks 2 few"

0.4% alatere
24 Mistar control (butter) control {202) 34 st carcinomas not stated
F rats 1 thigh sarcoma
¥ Wister o Capa 10 mg week ly 35 less none not stated
SPF rats crocidel ite ftor 18 wooks “a fow"

In butter

{0.2%-0.4%x)
28 Mistar Transvaal 10 weoh ly 28 less none not steted
SPF rats crocidolite in for 18 weeks o few®

butt (0.2x to

o)
24 Mistar control control 24?2
P et Thatter) (247) none not staled
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TABLE 11 (comtinued)

Summary of Experiments on the Effects of Oral Ingestion of Asbestos

Mimal Species

Material
Aduinistored

Sosage

AMiaals Enamined
for Tumors

(ull'p.:::.r-nn)

Avera Sur
vival lime

10 male Wistar
rats

10 male Mistor
rats

40 male Wistar
rats

40 male Mistar
rals

1% chrysetilet

contre)

IN chreysotile

control

Cunainghan, et al. (1977)

Cod4

2 kidney
1 peritoneal
1

1 (ibresarcoma
I brain

1 pltultary

I peritonsal
f lbrosarcoma

J thyrotd

1 bome

1 Viver

1 jegular body

2 leukemia/ | yaphoma
1 sdrena)

1 large intestine
anaplastic carcinoms
1l small {ntestine

f ibrosarcoma

1 thyroid

1 Viver

2 adrenals

1 kidney
nephroblastome

1 levkemia/ ) ymphoma
5 subcutaneocus tissue

not given

not given

not given

nol glven



Cunningham, et al, (1977) conducted two 'imited ‘eeding stugies 2f =a'e
“istar ~ats, Nne percent chrysotile asbestos with five percent corn 210 was
added o rat chow diet and ‘ed to groups of 10 ard 40 rats 'n two separite
experiments. In the first study, six of seven surviving animals w~ere f2unc
with tumors whereas only one malignancy was observed in eignt controls 'see
Table 11). No gastrointestinal tumors were seen, but two of the treated
group tumors were kidney nephroblastomas. In the second larger study, 11
tumors each were observed in trsated and control groups of 40 animals. “wo
of the malignancies in the asbestos-fed group were of the gastrointestinal
tract and one of the control group was a nephroblastoma, lessening the sig-
nificance of the finding of this tumor in the other tresated group. With the
limited number of animals in this study, the evidence for carcinogenicity of
asbestos (by feeding) is inconclusive.

Currently, a very large feeding experiment is being conducted under the
auspices of the National [nstitute of Environmental Health Sciences
(NIEHS). Results, however, are not anticipated until late 1980. Meanwnile,
all previously reported experiments on ingested asbestos, whether positive
or negative, have significant limitations. To extrapolate such data to man
for yse as a criteria for a standard would not be appropriate,

Inhalation: Although lung cancer was suggested as being causally re-
Tated to human asbestos exposure in case reports in 1935 (Lynch and Smith,
1935; Gloyne, 1935), strongly indicated to be so in 1947 (Merewether K 1947),
and unequivocally associated in a cohort study by Doll (1955}, no positive
animal data of consequence were forthcoming until 1967 when Gross, et al.
(1967) showed that lung cancer could be produced by asbestos inhalation

exposure. An early experiment of Nordmann and Sorge (1941) described two

lung tumors in 10 of 100 mice surviving 240 days following exposure to high
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concentrations of chrysotile. This work, however, was called into questicr
by Smith, et al, [1965) on the basis of the nistology of the malignancies.
Lynch, et al, (1957) exposed AC/F, hybrid mice to commercial chrysotile anc
observed a higher incidence of pulmonary adenomas in exposed animals, 45.7
percent (58/127), compared to controls, 36.0 percent (80/222). No malignant
tumors were reported, and the increase of adenomas was not significant at
the 0.05 level,

The first unequivocal dats showing a relationship between asbestos inha-
‘ation and malignancy was that of Gross, et al. (1967) who observed carcino-
mas in rats exposed to a mean concentration of 86 mq/m3 chrysotile for 30
hours/week from the age of six weeks, Of 72 rats surviving for 16 months or
longer, 19 developed adenocarcinomas, 4 developed sguamous cell carcinomas,
and 1, a mesothelioma. No malignant tumors were found in 39 control ani-
mals. A search was made for primaries at oths sites which could have
metastasized. None were found. These and other data are summarized in
Table 12.

Reeves, et al. (1971) found 2 squamous cell carcinomas in 31 rats sacri-

3 of crocidolite.

ficed after 2 years following exposure to about 48 mg/m
No malignant tumors were reported in rabbits, guinea pigs, hamsters, or in
animals exposed to similar concentrations of chrysotile or amosite. No
details of the pathological examinations were given,

In 3 later study (Reeves, et al., 1974), malignant tumors developed in 5
to 14 percent of the rats surviving 18 months. Lung cancer and mesothelioma
were produced by exposures to amosite and chrysotile and lung cancer by cro-
cidolite inhalation. Again, significant experimental details were lacking;

information on survival times and times of sacrifice would have been useful.

Available details of the exposures and results are given in Table 13. While



TABLE §2

Summiry of Experiments on the Effects of Imhalation of Asbestot

Animel Speci Material Posa Mimals Exomined Findi
ol o Administored ” for Tumors (uliwl.t-on)
Goss, et al. (1967)
132 male white ball-and- 42-146 ag/n? 12 17 ademocarc inomas
rats hanmer -af ) lod asan 3.(.. 4 s-cell sarcomss
Conadian agin’) for 7 (irosarcomas
chrysetile with/ 30 hrsjwesk 1 masothalioms
without .08 =}
{atratraches!
S percent NalM '
55 male white centrols control 39 none
rats withjwithout
S percent NaON
Reeves, et al. {1971)
206 rats bali-atdled 48+2 mg/a? for not avallable 2 squamous-cell
106 rabhits chrpetite, 16 hesjueek wp carcinomas ia 31
139 guines pigs amosite, and to 2 yrs antmals from croci-
dolite enposure
214 hamgters crocidolite
Reeves, et al. (19/74)
219 rats ball-and- 48+2 mg/md for 120 rats 10 malignant \umors
ia rats
216 garbils hamer-ai)led 16 hrs/week up 116 gerbils 2 in mice (See Table 113)
100 mice chrysotile, to 2 yrs 10 mice
12 rabhits amosite. and 30 rabbits
100 guinea pigs crocidolite 43 guines pigs

Averaye Sur-
vlvnrlln

not available

not availabile

no intormation
periodic sac-
rifices were
®ade

no (ntormation

per tod i
sairifices
wes ¢ made



TABLE 12 (comtinued)

Summary of Experiments on the (ffects of Inhalation of Asbestos

Spec Hater fal Dosa Anlmals (xamined f indd
An femal tes Muoinistered * for Tumors (unput.t:-ors)
Megrer, et al. {19724}
13 gogs of a=ss e 10.1 te 14.7 849 {See Tahlay
sporon. S0 and nwllllh ng/al for | 10 and 15)
15 of sheut 2% crecidal ite day te 24 mmaths, Al) ashestos varie-
Wistar SPF Canadian 35 hrs/week ties produced
rats chriatile assothel loma and
fhades {an lung cancer, some
cheysotile frem quxpoture as
{VICC samples) thort s | day
Nagner . ot al. {1977a)
€O Wistar super({ine 10.8 ay/e? 1 ademocarc inoms of the
saie wnd Tomeie ciw yreiiie 57.5 wrijwi Tung in 24 snimis
rats for 3, 6, o expeted for 12 months
12 sonths
€0 uistsr sssfttress ssas
sele and fumele cosmet $¢ talc
rets
Sovis. ot al. f(i928)
% groups of SICC samplos of 7 ag/e) e 200 1 sdenocar inomas
sppron. Nes PF [ ST 10 ag/e? B ) squamous-cel)
rats ond 20 fan cwnetile hours fub sarcomss | plewral
¥ rats crecidelite 224 doyn mesothelionms |
poriteneal
mesothe) ioma
(See Toble 16)
20 Han SPf rats control conatrol 20 Aone

Avera Sur
vival lime

controls.
Survival times
not signifi-
cantly
affected by
enposure.

nol available
sacrificed at
29 months



FABLE 1)

Exper imental Inhalation Carcinogenesisd

Expasure Rats Hice ‘;:7: :__:_
) Flbar® MAimals Maligneat Tumors Mimals Malignant lumors
Fiber (agin?) (f/m1) Exomined " Exanined nan
Chrysotile 47.9 54 [} 1 tung papidtary 19 none
carcinoma
1 lung squamous-call
carcinema
1 pleurs) assothelioms
Amos VLo 8.6 [ 2} L 2 pleura) mssothel fomes » none
Crecidolite 50.2 1.108 4 3 squamous-cell 18 2 papillary
carcinomas carcinomes
1 sdesocarcinoms of broachus

i papiltlary corclnoms -
all of the lung

5 none 6 1 papil)lary
corcinoma of
bronchus

Controls

Meeves, ot al. 1974
bihe ashestos was comminuted by vigoveus alliling, after whicth O.08% to }.82% of the airborae mass was of fibrous morphology (3:1 espect

ratia) by light micrescopy.
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the relative carcinogenicity of the fiber types was similar, it was notec
that the fibrogenic potential of chrysotile, which had been substantiai’~
reduced in length and possibly altered (Langer, et al. 1978) by milling, was
much less than that of the amphiboles. These results were also discussed "~
a later paper by Reeves (1976).

In an extensive series of experiments, Wagner, et al. (1974) exposed
groups of Wistar SPF rats to the five UICC asbestos samples at concentra-

3 for times ranging from 1 day to 24 months. For

tions from 10 to 15 mg/m
all exposure times there were 50 adenocarcinomas, 40 squamous -cell carcino-
mas, and 11 mesotheliomas produced. None appeared prior to 300 days from
first exposure. Considerable experimental detail is provided in the paper.
The siagnificant data are presented in Tables 14 and 15. These tumors follow
a reasonably good linear relationship for exposure times of three months or
greater. The incidence in the 1-day exposure group, however, is consider -
ably greater than expected. [t was noted that exposure had a limited effect
on length of life. Average survival times varied from 669 to 857 days for
exposed animals versus 754 to 803 days for controis. The development of
asbestosis was also documented. The incidence of lung cancer was found to
be greater in animals surviving 600 days. There were 17 lung tumors, 6 in
animals with no evidence of asbestosis and 1l in rats with minimal or slight
asbestosis. Cancers at extrapulmonary sites were also listed. Seven malig-
nancies of ovary and 8 of male genitourinary organs were observed in groups
of approximately 350 rats. None were observed in groups of 60 male and fe-
male controls. Incidence of malignancy at other sites was little different
from that of controls., If controls are included from other experiments in

which ovarian and genitourinary tumors were present, the comparative inci-

€-50



TABLE 14

Number of Rats with Lung Tumors or Mesotheliomas After Exposure
to vYarious Forms of Asbestos Through Inhalation*

Form of Asbestos No. of Adenocarc inomas Squamous-cel] Mesothe! foma

Animals Carcinomas

Amosite 146 5 6 1
Anthophyllite 145 8 8 2
Crocidolite 141 7 9 4
Chrysotile

(Canadian) 137 11 6 4
Chrysotile

(Rhodesian) 144 19 11 0
None 126 0 0 0

*Source: Wagner, et al. 1974
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TABLE 13

Numbers of Rats with Lung Tumors or Mesotheliomas After Various
Lengths of Exposure to Various Forms of Asbestos Through Inhalationa

Length of No. of No. with Lung No. with Pleural X of Animals
Exposure Animals Carcinomas Mesotheliomas with Tumors
None 126 0 0 0.0

1 day 219 3b 2¢ 2.3

3 months 180 8 1 5.0

6 months 90 7 0 7.8
12 months 129 35 6 31.8
24 months 95 37 2 41.0

dWagner, et al. 1974
b2 exposed to chrysotile and 1 to crocidolite
€1 exposed to amosite and one to crocidolite
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dence in the exposure groups nere iacks significance. No data were pro-
vided, however, on the variaticn of tumor incidence at extrapulmonary sites
with asbestos dosage.

Wagner, et al. (1977a) also compared effects of inhalation of 2 super-
fine chrysotile to a pure, nonfibrous talc. One adenocarcinoma was found in
24 rats exposed to 10.8 mg/m3 of chrysotile for 37.5 hours/week for 12
months.

Finally, in a study similar to Wagner's, Davis, et al, (1978) exposed
rats to 2.9 or 10.0 mg/m3 of chrysotile, crocidolite, and amosite (equiva-
lent to from 430 to 1950 f/ml). Adeno- and squamous cell carcinomas were
observed in chrysotile exposures, but not with crocidolite or amosite (see
Table 16). One pleural mesothelioma was observed with crocidolite exposure,
and extrapulmonary neoplasms included a peritoneal mesothelioma. A rela-
tively large number of peritoneal connective tissue malignancies were also
observed, including a leiomyofibroma on the wall of the small intestine.
The significance of these tumors is speculative, however,

As discussed in the Pharmacokinetics section, inhalation exposures
result in concomitant gastrointestinal exposures from the asbestos that is
swallowed after clearance from the bronchial tree. While all inhalation
experiments focused on thoracic tumors, those of Wagner, et al. (1974),
Davis, et al. (1978) and, te a limited extent, Gross, et al. (1967) also
included a search for tumors at extrathoracic sites. A limited number of
these were found, but no association can be made with asbestos exposure.

Nne aspect of the inhalation experiments that is noteworthy is the sig-
nificant number of pulmonary neoplasms that can be produced in the rat by
inhalation as compared to other species (Reeves, et al. 1971, 1974). This

points to the variability of species response to asbestos and the need for
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TABLE 16

Experimental Inhalation Carcinogenesis in Rats*

Exposure
. Number of
Mass Fiber Animals Malignant Tumors

(mg/m3) (f>Su/ml)  Examined

Chrysotile

Chrysatile

Amosite
frocidolite
Crocidolite

Control

10 1,950 40 6 adenocarcinomas

2 squamous-cell carcinomas
2 390 42 1 squamous-cell carcinoma

1 peritoneal mesothelioma
10 §50 43 none
10 860 40 none
5 430 43 1 pleural mesothelioma

20 none

*Source: Davis, et al. 1978



an appropriate model before extrapolations to man can bSe mage w~'tn Zonfi-
dence. The absence of significant gastrointestinal malignancy frzm 3s5estcs
exposure in animals, in contrast to that found in numans, may de tre result
of the use of inappropriate animal models.

Intrapleural Administration: Evidence that intrapleural administration
of asbestos would result in mesothelioma was forthcoming in 1970 when Donna
(1970) produced mesotheliomas in Sprague-Dawley rats treated with a single
dose of 67 mg of chrysotile, amosite, or crocidolite. Reeves, et al. (1971)
produced mesothelial tumors in rats (1 of 3 with crocidolite and 2 of 12
with chrysotile) by intrapleural injection of 10 mg of asbestos. Two of 13
rabbits injected with 16 mg of crocidolite developed mesotheliomas.

Stanton and Wrench (1972), in a series of experiments, demonstrated that
major commercial varieties of asbestos, as well as various other fiders,
produced mesotheliomas in as many as 75 percent of animals into which mate-
rial had been surgically implanted. Extension of these experiments were re-
ported in 1973 (Stanton, 1973). These results are summarized in Table 17.
The authors concluded that the carcinogenicity of asbestos and other fibers
is strongly related to their physical size, those fibers of a diameter less
than 3 um being carcinogenic and those of a larger diameter not carcino-
genic. Further, samples treated by grinding in a ball mill to produce
shorter length fibers were less likely to produce tumors. While the authors
attributed the reduced carcinogenicity to a shorter fiber length, the ques-
tion has been raised as to the effect of the destruction of crystallinity
and perhaps other changes in the fibers occasioned by the extensive ball
milling (Langer, et al. 1978).

Another comprehensive set of experiments was conducted by Wagner (Wag-

ner, et al, 1973, 1977b)., He, too, has produced mesothelioma from intra-
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TABI

ABLE 17

Yy

Jose-response (ata Concerning the Effects of Intrapieural

Implantation of Asbestos and Other Fibers in Rats*

Dose No. of Rats Total no. X of Rats
(ma) with of rats with
(g Mesotheliomas Tumors
UICC-SRAS 1 2 25 8
Crocidolite 2 5 23 22
10 11 27 41
20 12 25 48
40 14 23 61
Hand-cobbed 1 4 30 13
Virgin 20 10 24 42
Crocidolite 40 18 27 67
Special South African 40 15 20 78
crocidolite
Partially pulverized 40 8 25 32
crocidolite
UICC-SRAS 40 15 25 60
amne {ba
UICC-SRAS 40 15 26 58
chrysotile
Coarse 40 1 24 4
fibrous glass
Glass wool 40 1 28 4
Fine AAA fibrous glass
Ium diameter
uncoated 40 3 26 12
coated 40 L] 28 18

*Source: Stanton and Wrench, 1972
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pleural administration of asbestos to CD Aistar r~3ts @ - C
strong dose -response relationship. Tapbles 12 and 19 .7 o -
these experiments.

Pylav and Shabad (1973) and Shabad, et al. [1974) ra ~rta. -ng -
in 18 of 42 and in 31 of 67 rats injected with three doses of i@ -
sian chrysotile, Other experiments by Smith and Hubert (1974' n:.»
mesotheliomas in hamsters injected with 10 to 25 mg of chrysoti'e. oo
amosite or anthophyllite, and 1 to 10 mg of crocidolite,.

various suggestions have been made that natural oils and waxes - *um
nating asbestos fibers might be related to their carcinogenicity ' ~i~'-7-2n,
1962; Harington and Roe, 1965; Commins and Gibbs, 1969). This, howsver K a.g
not borne out in the experiments described above hy .iaqnar, at al, (.;7: .-
‘Stanton and Wrench (1972).

[ntratracheal I[njection: I[ntratracheal injection has heen used to 5. -
the combined effect of administration of chrysotile with btenzo{a)pyrene -
rats or hamsters (see Synergism and/or Antagonism). In rats given *t~rne
doses of 2 mg chrysotile (Shabad, et al. 1974) or hamsters given 12 mg ¢
chrysotile (Smith, et al, 1970) no lung tumors were observed. However, : ¢
coadministration of benzo(a)pyrene did result in lung tumors.

Intraperitoneal Administration: [Intraperitoneal injections of 20 mg of
crocidolite or chrysotile produced three peritoneal mesotheliomas in 13
Charles River CD rats. Twenty mg of amosite produced no tumors in a group
of 11 (Maltoni and Annoscia, 1974), They also injected 25 mg of crocidoltte
into 50 male and S50 female 17 week 0ld Sprague -Dawley rats and observed 31
mesothelial tumors in males and 34 in females.

In an extensive series of experiments, Pott and Friedrichs (1972) and

Pott, et al, (1976) produced peritoneal mesotheliomas in mice and rats in-
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TABLE 1

Percentage of Rats Jeveloping Mesotheliomas After
Intrapleural Administration of Varfous Materialsd

Materiai Percent of Rats
{1th Mesothelioma
SFA chrysotile (superfine 66
Canadian sample)
UICC crocidolite 61
UICC amosite 36
UICC anthophyllite 34
UICC chrysotile (Canadian) 30
UICC chrysotile (Rhodesian) 19
Fine glass fiber (code 100),
median diameter, 0.12 um 12
Ceramic fiber, diameter,
0.5-1 ymP 10
Glass powder 3
Coarse glass fiber (code 110),
median diameter, 1.8 @ 0

.

SWagner, et al. b

1977
dwagner, et al. 1973



TABLE 19

Dose-Response Data Following Intrapleural
Administration of Asbestos to Rats*

Dose No. of Rats with Total no. X of Rats
Material (mg) Mesothe!ioma of Rats with Tumors
SFA chrysotile 0.5 1 12 8

1 k| 11 27

2 5 12 42

4 4 12 23

8 8 12 62
Crocidolite 0.5 1 11 9

1 0 12 0

2 3 12 25

4 2 13 18

8 5 11 45

*Source: Wagner, et al, 1973
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et LT = + variettes of asbestos and other fibrous mate -

- Tha - = s-own in  Table 20, Using experiments with
TAateipieuras zCriatsUritiln Ve malignant response was altered by ball-
milii-g fide : foo ¢ ~aurse. The rate of tumor production was reduced from
55 pe-~rent to % ner-e:t and the time from onset of exposure to first tumor

was lengthened f-om 323 tc 400 days following administration of four doses
of 25 mg of UILD Rrodesian chrvsotile. In the case of the ballmilled
fiber, 9 percent wiare ‘ericved tn be smaller than 3 .m, 93 percent less
than 1 um,  and 60 percent lets than 0.3 um,

A strAac SonCuSY0n whlo o ca: be doawn from the above experimental data
©s> that la-ze-.amece rfiuu. . .greate- than 3 um) are significantly less
carcinogenic *han finer fii2-s, The origin of the reduced carcinogenicity
of snorter, n: 'rilleq fibers ¢ less clear as the relative contributions

of snorter fibz- 121Gtn asd tne sigaiticaat alteration of the crystal struc-

tu=e by 1nput - presizael energy a-: ~o0t, as yet, defined. Further, the
extrapoiation cf <-:3 ~:viicped oo 3126 -de e -dent effects, from intrapleural
or intraperitone.. acm:ristratics w sa.é.ation (where movement of the

fibers in 2irwavs and cihcaguent'u th-- =+ pody tissues is strongly size-
dependent) presents significant aifrficuit-e.. Finally, since the number of
smaller fibers in an exposure circums*asc- may be 100 times greater than
those longer than 5 um, the reduction or their carcinogenicity must be
demonstrated at a level 100 time: less before their comtribution can be
neglected.

Carcinogenicity - Human Data

The modern history of asbestos disease dates from the turn of the cen-

tury, when two reports were published documenting uncontrolled conditions in

ashestos textile factories. Mme, the testimony of H. Montague Murray (1907)



TASLL 20
Tumors in Abdomen ond/or Tharax Afler Intraperitonea) Injection of Glass Fibers, Crocidolite, or Corundum in Hetsd

tftective Average Rats Tumor Typet
P rtr of Mo, of Y Survivel) Time with ————
Must formd se ssected Belore hgsl of ‘nts with Tumors
Rats Tumor Tumors (days (percent) 1 2 3 4

sfter injection)

Glass fibers
L I f 2 n 42} 103 21.4 17 ]
Glass fihers
L1l f 10 12 210 632 53.2 36 4 - 1
Glass fihers
LR ) f 2228 n 194 7 1.4 4 6 2
Cracidolite f F4 » 452 76} 8.5 12 k]
Corundum q 2% 25 k), 545 99 8.1 1 - - 2
WCC Rhndes ion f 2 n 431 651 16.2 4 P4
chrysatile
IHCC Rhodes | an f 6.2% 35 343 501 7.1 24 )
cheysotile
HICC Rhodestian t 25 k] 276 419 80.6 21 2 \ \
chrysatile
W Rhodesian f 4025 1 323 36l 54.% 1o 2
chrysotile
HECC Mhodesian f ) x 28 1 449 449 1.0 - 1
chryiotile s.C. s.C.
WCC Rhodesian f e x ?s 3] 400 509 12.4 9 3
allled
Palygnrscite f I x 2% 34 257 e 76.4 24 2



TABLE 20 (comt inued)

Tumnrs tn Abdemen and/or Thorax Alfter Intraperitoneal Injection of Glass Flbers, Crocidnlite, or (arunduma 1n Kalsd

tiv Average Rats Tumor | ypet
P r o of s Sur 1 ith —— _
Nust Forsh Lu ssecled n'ore P"sl ol":ts -'ﬁ w—oes
Rals Tumor Tumors (days (percent) 1 2 3 A
after injection)

Glass fihers (] ? kL) 692 692 2.9 ]

s ¢ s ING
Glass fibers f o 36 )50 530 1.1 2 2

S5 108
Glass fibers { 4x2 32 197 325 .9 20 3

S¢S 1Nk
Gypsum f 4n 25 3 579 581 L3 ! H
Henalite f 4?5 M 249 s 13.5 1 8
Actinnlite 9 425 )
Riotite 9 225 k]
Hormat i e ] 4225 "

(precipit.)
Haormat ite q 4x 25 l8

(minersl)
Pectolite 9 4x25 40 569 569 2.5 - |
Sanidine ] q 25 39 579 579 2.6 - [}
Tale 9 425 36 SA) 587 2.8 |
Nal) (comtro)) q ) 72 -

Nource:

h
f - fihrous; q « granular

C Tumnr Types are:

Patt and Friedrichs, 1972, Pott, et a). 1976

) Mecothellioma; 2 Spindle cel) sarcoma; ) Polym cell sarcome; 4 tarcinmme; 5 Reticulum cell sarcoma; b Benign
evalualed in tumnr rates

-

wol



at a hearing concerning compensation, described severe pulmonary fibrosis
found at autopsy in 1900 in the last survivor of a group of 10 workers first
employed 14 years previously in a carding room. The second was the descrip-
tion by Auribault (1906) af deaths during the early years of operation of an
asbestos weaving mill established at Conde-sur-Noireau, France, in 1890.
Juring this period 50 men died, including 16 of 17 recruited from a cotton
textile mi1l previously owned by the factory director.

With time, however, the spectrum of diseases associated with asbestos
exposure continued to expand. In 1935 two clinical reports were published
on lung cancer in asbestos workers who had died with evidence of pulmonary

fibrosis (Lynch and Smith, 1935; Gloyne, 1935). While such reports were not

sibility was raised. [In 1947 it was confirmed by substantial data which

o _od oAb oA YN o & Al . acaiia oL mdd .4 daYa ihe o A d o d Lok achoodaad o -
SNOoweg Tnat [J percent 0T a group Or 1ngividuaid wno died withn 4a50est0315 11
Monad Dauddada 21 had housaschananisa Aswainamas  Mawauatham 10471\ Maceadrha
creatl prieagin [- I 1 9 gy wr UF‘\."U‘JC"IE. W@ W iNIAnG \r'eV TRC LitEY ATNI [ MYV LT =
Yigma 2 para Pimmar nf tha linine Af the ahdoman aAr ~hact wae firmet Ha_
Vg, @ QT e wunT a - LE* B e GueLielr U GRS ey WaS rsL Qe

frequently associated with potential asbestos exposure (Wagner, et al.
1960). and unequivocally related to such exposure in 1965 (Newhouse and
Thomson, 1965). Gastrointestinal cancer also was found to be in excess
among asbestos 1insulation workers in the United States (Selikoff, et al.
1964).

Currently, a1l major commercial asbestos varieties, chrysotile, amosite,
and crocidolite, have been found to produce a significant incidence of
asbestos related disease among workers occupationally exposed in mining and

milling, in manyfacturing, and in the use of materials containing the fiber.

The predominant route of exposure has been inhalation, although some asbes-
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tos may be swallowed directly or after being brought up from the respiratory
tract. Not only has asbestos disease been found among individuals exposed
to the Fiber directly as a result of excessive work exposures in decades
past, but asbestos-associated cancer has also been identified, albeit less
frequent'ly, among those with inhalation exposures of lesser intensity, in-
cluding those who had worked near the application or removal of asbestos
material, those with history of residing in the vicinity of asbestos plants,
and those who had lived in the household of an asbestos worker,

Water Ingestion: Five studies have considered the relation of asbestos
ingested in drinking water to gastrointestinal cancer. As an outgrowth of
the contamination of Lake Superior by fibrous material in the tailings of an
iron ore processing plant, the mortality of the population of Duluth was
compared with that of Minnesota and Hennapin County (Minneapolis) for quin-
quenia to 1969 (Mason, et al. 1974). The relative death rates for digestive
cancer, lung c¥ncer, and all neoplasm were elevated from 16 to 49 percent.
However, with the exception of colon/rectal cancer, which was highly ele-
vated, no trends with time or consistency between male and female were
clearly discernable. Because of this, Mason, et al. (1974) concluded that
additional followup was necessary to determine if 2 hazard exists. Levy, et
al. (1976) conducted a similar study with equivalent results. However, the
short followwyp from the earliest possible exposure (1956) would make it
unlikely that any positive result would be found. Furthermore, while the
Reserve plant began production in 1956, current discharge levels did not
begin until 1967 when a major plant expansion took place.

A study by Harrington, et al. (1978) reviewed malignancy in the Connec-
ticut Tumor Registry from 1935 to 1973 to see if a correlation existed be-

tween the use of asbestos cement (A/C) pipe for public water supply and the
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incidence of gastrointestinal cancer. No association was found between the
age-adjusted, sex-specific incidence data for stomach, colon, and rectal
cancer and the use of A/C pipe. While some water supplies reported A/C pipe
that was 45 years old in 1975, the majority (66 percent) of the population
studied receivec water through A/C pipes that were only 25 years old. While
the majority (56 percent) of A/C pipe systems in Connecticut have water
which is considered aggressive under the AWWA Standard for A/C transmission
and pressure pipe, fiber counts done on over 100 A/C pipe systems in Con-
necticut showed 98 percent to be under 105 £11 (. Millette, personal com-
munication).

A report published for the University of California analyzed the 1969-
1971 cancer incidence from 721 census tracts of the five Bay Area Counties
along with the chrysotile asbestos fiber concentrations in the drinking
water (Cooper, et al. 1978). For the census tracts the chrysotile asbestos
fiber counts ranged from below detectable limits to 36 x 106 fibers per
liter,

The University of California investigators grouped the census tracts on
a gradient of low-to-high asbestos counts and found significant
dose -response gradients for the incidence of several cancers. Statistically
significant positive trends were noted for white male lung and stomach
cancer and white female gall bladder, esophageal, and peritoneal cancer,
The census tracts were crossclassified using both asbestos count and tract
socioeconomic status indicators of medium family income and medium school
years completed. The positive dose-response effect between cancer incidence
of certain sites and asbestos counts appeared to be independent of the
effect of socio-economic status. The fact that the significant results are

not restricted to one body site is not surprising considering the knowledge
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that asbestos or
ample, one study using rats has found that ingested fibers are deposited in
the lung. (Cunningham, et al. 1977). An extension of this study /Cocper,
et al, 1979) using six years of data showed a statistically significant as-
sociation between asbestos levels in the San Francisco Bay area drinking
water and cancers of the digestive tract.

A study by Wigle (1977) compared the cancer mortality in two areas of
Canada with probable high concentrations of asbestos in drinking water with
an area presumadbly having low concentrations. Only one published asbestos
concentration is provided. Five values are listed from a personal communi-
cation with no details given on the sampling and analytical methods uti-
1ized. No data are provided to substantiate the assumed exposures of all of
the “probably low exposure® group and five of the seven "possible high expo-
sure® municipalities. The mortality experience was compared with that ex-
pected from Quebec ratas, although for some sites it is known that the ruyral
counties have lower cancer rates than Quebec, the rates of which are domi-
nated by the urban center, Montreal. For example, the lung cancer rate of
the rural counties near the asbestos mines is only two-thirds that of Quebec
(McDonald, et al. 1971). Elevated rates for cancer of the stomach, colon,
and rectum were seen among “high exposure" males (46 observed vs. 38.4 ex-
pected), "possible high exposure” females (103 vs. 91.3) and “"probably low
exposure® females (311 vs, 270.3), The rates for the other two male and one
female groups were about S5 percent less than expected. [n addition to the
absense of sampling data on exposure, the small number of deaths observed
seriously 1imits the study. For aexample, this document estimates that a

1075 risk of desth from asbestos fngestion may occur from exposures to

400,000 f/1. If there were no population migration into or from the highly
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exposed areas and everyone deceased in those municipalities were exposed for
a lifetime to the concentrations indicated, the above criteria level would
predict about ten excess deaths among the approximately 1,000 that occurred
over the observation time of this study,

Insulation Application and Removal: A large study by Selikoff, et al.
(1979a) best demonstrates the full spectrum of disease from asbestos expo-
sure. They studied the mortality experience of 17,800 asbestos insulation
workers from January 1, 1967 through December 31, 1976. These workers were
exposed primarily to chrysotile prior to 1940, and to a mixture of chryso-
tile and amosite subsequently. No crocidolite is known to have been used in
U.S. insulation material (Selikoff, et al. 1970). In this group, 2,271
deaths have occurred, and their analysis provides important insights into
the nature of asbestos disease. Table 21 lists the expected and observed
deaths by cause, and includes data on tumors less frequently found. Lung
tumors are common and account for about 20 percent of the deaths; 8 percent
are from mesothelioma of the pleura or peritoneum. Additionally, though,
cancer of the gastrointestinal tract is significantly elevated; so, too, are
cancer of the larynx, pharynx, and buccal cavity, and renal tumors. Other
tumors are also increased, but not to a statistically significant degree for
an individual site. Comparing the deaths from cancer and asbestosis in this
aroup with those expected in the general population, more than 40 percemt of
the deaths among insulators can be attributed to their occupational exposure
to asbestos fiber,

Table 21 lists the observed deaths as categorized on death certificates
and as determined after a review of all autopsy and medical records (BE).
The use of deaths characterized by the best available medical evidence for

risk analysis is appropriate when one considers diseases that are virtually
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Deaths Among 17,300 Asbestos Insulation Worxers

TABLE 21

in the _!nited States anad Canada
January 1, 1967 - January 1, 19773,3

Number of Men:

17,800

Man -Years of Observation: 166,853
Nbserved Ratio o/e
Inderlying Cause of Death Expected (BE) (0C) "BE) (0C)
Tota) deaths, all causes 1,658.9 2,271 2,271 1.37 1,37
Total cancer, all sites 319.7 995 922 3.iL 2.88
Cancer of lung 105.6 486 429 4.6 4.26
Pleyral mesothelioma ¢ 63 25 -- --
Peritoneal mesothelioma ¢ 112 24 -- .-
Mesothelioma, n.o.s. ¢ 0 55 -- --
Cancer of esophagus 7.1 18 18 2.53 2.53
Cancer of stomach 14.2 22 18 1.54 1.26
Cancer of colon-rectum 38.1 59 58 1.55 1.52
Cancer of larynx 4.7 11 9 2.34 1.91
Cancer of pharynx, buccal 10.1 21 16 2.08 1.99
Cancer of kidney 8.1 19 .8 2.36 2.23
ODeaths of less common
malignant neoplasms
Pancreas 17.5 23 49 1.32 2.81
Liver, biliary passages 7.2 5 19 .79 2.865
81adder 9.1 9 7 J.99 .77
Testes 1.9 2 1 -- --
Prostate 20.4 30 28 .37 1.37
Leukemia 13.1 15 15 1.18 1.18
Lymphoma 20.1 19 16 7.9% 1.80
Skin 5.6 12 8 1.82 1.22
Brain 10.4 14 17 1.38 1.63
A1l other cancer 25.5 58 92 2.16 3.61
Noninfectious pulmonary
diseases total §9.0 212 188 1.59 3.19
Asbestosis ¢ 168 74 -- .-
A1l other causes 1,280.2 1,064 1,161 n.83 n.91

3Selikoff, et al. 1979

bExpected deaths are based upon white male age specific mortality data of

the (1.S. National Center for Health Statistics for 1967 -1975 and extrapola

tion to 1976,

CRates are not available, but these have been rare causes of death in the

general population.

BE: Best evidence. Number of deaths cateqorized after review of dest

avatlable {nformation (autopsy, surgical, clinical)
OC: Number of deaths as recorded from death certificate information only.
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absent in the general population [asbestosis and mesothelioma). Since meso-
thelioma is not a common cause of death in other than asbestos-exposed indi -
viduals, its misdiagnosis on the death certificates of general population
has little significance. However, as it is a major cause of death of asbes-
tos -exposed workers, its proper diagnosis is necessary in order to evaluate
the extent of occupational disease. Moreover, were it not to be properly
characterized one would conclude that cancers of the liver and pancreas were
elevated from asbestos exposure. Thus, one would have to consider excesses
at these sites (as misdiagnosed on death certificates) rather than mesothe-
lioma in evaluating abdominal cancers. Otherwise, the use of best evidence
rather than death certificate information is a minor factor in the evalua-
tion of gastrointestinal cancer. For example, among cancers of the esopha-
gus, stomach, colon, and rectum in 2,271 consecutive deaths in insulation
workers, 112 were listed at these sites on death certificates. Best evi-
dence indicated that 118 occurred. This difference would have 1ittle effect
upon the calculatfon of gastrointestinal cancer., On the other hand, peri-
toneal mesotheiioma per se was specified in only 24 deaths where best evi-

,,,,,,, -

dence indicated 112 occurred from this disease. The difference was largely

______ )
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effects as relatad to time from firet expocure, Figure 1 depicts the excess

ashestos related lung cancers and mesotheliomas according to time from onset
of exposure. It is seen that an important rise in bronchogenic carcinome
occurs only after 25 years and mesothelioma and asbestosis after 30 years.
This long-lapsed period is seen in individuals exposed continuously to rela-

tively high concentrations of asbestos. At lower exposures, longer periods
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The Excess, Asbestos-related Mortality Rates for Lung Cancer and
Mesothelioma According to Time from Onset of Asbestos Disease

Selikoff, et al. 1979
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from exposure onset to tumor cevelcpmert would be expected and, thus, stud-
ies that do not provide adequate “ollow-up can be misleading.

Among other groups of insulation workers, high rates of cancer, particu-
larly bronchogenic carcinoma and pleural or peritoneal! mesothelioma, have
been reported by Selikoff (1976). In this study 632 New York and New Jersey
insulation workers, 20 or more years from onset of exposure were observed
from January 1, 1943 through December 31, 1974. Of these, fewer than 300
individuals were included in the larger study of 17,800 insulation workers.
With a much longer observation period, even more severe effects were seen.
Similarly, a study by Elmes and Simpson (1971, 1977} in the ‘Inited Kingdom
portrays a more severe mortality experience, particularly for lung cancer
over a period of time, 1940-1975.

Some data on exposure of U.S. insulation workers exist. These have been
reviewed by Nicholson (1976) and are summarized in Table 22. Estimates of
past average exposures were made on the basis of current measurements by
four laboratories of fiber concentrations during work activities thought to
be typical of those of past years and information on product composition and
usage. Timeweighted average concentrations of 10 to 15 f > 5 um/m] and 15
to 20 f > 5 um/ml were suggested for commercial construction and marine
work, respectively. It was noted that, while these average concentrations
were not extraordinary, peak concentrations could ofter be very high and
exceed 100 f/ml. At Lyon, in 1972, Cooper and Miedema (1973) reported,
"peak concentrations may be high for brief periods, while time.weightec
averages are often deceptively low." To the extent possible these high
exposures were taken into account and the time weighted average exposure was
largely due to peak exposures. This averaging and the extrapolation to ear-

lier years introduce uncertainties in the estimate. However, the above
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TABLE 22

Summary of Average Asbestos Air Concentrations during Insulation Work

Average
Fiber Concentration f/ml

Light and Heavy

Research Group Construction Marine Work

Average concentrations of fibers longer than 5 um evaluated by
membrane filter techniques and phase-contrast microscopy

Nicholson (1971b) 6.3

Balzer and Cooper (1968) 2.7

Cooper and Balzer (1968) 6.6
Ferris, et al, (1971) 2.9
Harries (1971a,b) 8.9

Average concentrations of all visible fibers counted
with a konimeter and bright-field microscopy

Murphy, et al. (1971) 8.0
Flefscher, et al. (1946) 30-40

Estimates of past exposure based on current membrane-filter data

Nicholson (1976) 10-15
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T me we - tecd 3verage exposures are feit to be accurate within a factor of
*wc. T--:z s sycgested by the gocod agreement among the exposure astimates
ang meas.-e~ents o€ four different laboratories and by the good agreement of
*nsulator Zcse-response data with that of other groups.

Factory Zmployment: An early study of workers from an asbestos products
factory (Mancusco and Coulter, 1963) showed a significant excess in total
mortality, wit~ important contributions to excess death rates from asbesto-
sis, cance~ ¢f *ne lung, bronchus, and trachea, and neoplasms of the diges-
tive orqans arc neritoneum. [n this latter group of deaths, an important
factor we: e t.o.ed] mesothelioma, While in excess, increases in cancer of
the esoonzoys  stomach, colon, and rectum did not have statistical signifi-
cance, “here .-. 2 zonsistent increase in the mortality rate with increas-
1ng length ¢ .-cloyment in the asbestos industry for all causes of death
and espe--ally ‘cr malignant neoplasms and asbestosis.

Adciticnal stuctes of factory employees (Enterline, et al. 1972; Hender -
sor. and interline, 1979) focused upon a group of retirees from several
slants ~€ 3 m2jor asoestos products manufacturing company., It shows a simi-
lar pattern of mortality. Table 23 lists standard mortality rates (SMRs) by
cause ir two time periods. The usual asbestos cancers and asbestosis are
seen as significant causes of death, Here, too, a correlation was found be-
tween total dust exposure and excess mortality for both malignant and non-
malignant disease. Table 24 lists the data for lung cancer and shows a 116-
ear relationship with exposure.

These authors (Enterline and Henderson, 1973) suggested earlier that
crocidolite may have a higher carcinogenic potential (for lung) than amosite
or chrysotile. The later analysis (Henderson and Enterline, 1979) shows

that indiviguals in the textile departments of the company (chrysotile only)



TABLE 23

Period of Follow-up for 1,075 Males Retiring from a
U.S. Asbestos Company from 1941 67 and Followed through 19733

1941 -1973 1941 -1969 1970-1973
Cause of Death Observed sMp  Observed sup  Observed Smp
Daathe Deaths Deaths
A1l causes 781 120.4 616 115.8 165 141.6
Cancer (140-205)0 173 159.0 138 154.5 35 179.5
Digestive (150-159) 55 137.8 i8 136.1 9 147.5
Respiratory (162-163) 63 270.4 45 270.7 14 269
A1l other cancers s5 120.6 43 115.0 12 145
Stroke (330-334) 74 96.4 A8 78.7 26 183
Heart dicsase (400-443) 21 106.5 269 108.4 52 97
Respiratory disease
(470-527) 68 173.0 54 178.2 14 155.6
Pneuvmoconiosis and
pulmonary fibrosis B )

(523-528) 31 -- 25 -- 6 --
Asbestosis (523.2) 19 -- 16 -- 3 --
A}l other causas 113 §2.5 56 54.6 17 82
Death certificates

not located 32 .- 11 -~ 21 --

fHendorson and Enterline, 1979
DD{sease code



TABLE 24
Lung Cancer Mortality Rates According to Dust Exposured

Cumulative Dust Exposure SMR
(mppcfd - years)
<125 197.9
125 - 149 180.0
250 - 499 327.6
500 - 749 450.0
750 777.8

anenderson and Enterline, 1979
PMi11ion particles per cubic foot
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have a lower lung cancer SMR than those in the pioe cepart~ent Inrysite
and crocidolite) for egqual dust axposures. HOwever K N0 oIncLSiIns Cou o 14
Jrawn from an aralysis of the mortality rates 2f 3i’ °"rdrv-3u3's expcsed, -
not exposed, to crocidolite. <Since the follow-up 2f this ocoulatisn zezgar
only after the cohort members reached age 65, survivor offects may ne of
importance. For example, those individuals who smoke cigarettes ind are
thus at higher risk for lung cancer may be preferentially exc'uded by virtue
of death before age 65 because of smoking-associated disease such as myocar-
dial infarction. Further, the limited number of mesotheliomas 'S of 781
deaths) found in the latest followup of this group could de due to the high
incidence of mesothelioma at age S0 to 65, 30 to 45 years from onset of
first employment (see Figure 3). Mortality data were correlited with esti-
mates of previous dust concent-ations in terms of millions <¢ particles per
cubic meter of air {mppcf). No information was provieed :n -ossible fiper
concentrations.

A study of the largest factory of the company studied >y ZInterline, et
al. {(1972), but not limited to retirees, shows a considerapiy different mor-
tality pactern (Nicholson, 1976; Nicholson, et a'. 1980b°., A°° KaC ---
nance and production employees on January 1, 1959, who aec: " ~i=cn o== - -
at least 20 years earlier were followed through 1976. In tmis group, <74
dea-~s occurred, whereas 188.19 were expected. Fourteen pleural and i2
peritoneal mesotneliomas accounied for nearly 10 percent of the deaths, most
occurring before age 65. A strong correlation with estimated dust exposure
was seen in deaths from agtogis, but not with the asbestos related malig-
nancies. Gastrointestinal cancer was especially high in the lowest of four
dust categories (11 observed versus 3.15 expected) and only elevated slight-

ly in the higher exposure categories. [n the highest dust category, the



textile mil', cancor was not dramatically increased, but 40 percent of the
deaths were from asbestosis. Individuals in this department tended to die
of nonmalignant disease before reaching the age of greatest risk for cancer.

A study by Weill, et al, (1979) of two asbestos cement product facili-
ties has also been published. Here, the mortality experience of 5,645 em-
ployees was followed for at least 20 years. It shows excess mortality for
lung cancer in the highest exposed groups but deficits of death from all
causes (as great as 40 percent) in all categories. Of the group 3,854 (68
percent) were emploved for less than 2 years. Thus, exposures were limited
for the majority of the cohort members. Further, as most of the followup
involved observations prior to 25 years from first exposure (18,117 person-
years at risk <25 years from initial exposures versus 5,910 person-years >25
years), there was limited risk from asbestos disease in the group. Of most
consequence, however, 25 percent of the cohort was untraced and all untraced
were considered alive. This could explain the large mortality deficits in
311 categories other than lung cancer and invalidates the study for any use
in establishing dose -response relationship.

A final significant U.S. factory study is that of Seidman, et al. (1979)
which extends an earlier study (Selikoff, et al. 1972) and documents the
experience of workers exposed only to amosite asbestos in the production of
insulation materials, primarily for use aboard naval vessels., Overall mor-
tality shows patterns similar to other heavily exposed groups, with 594
deaths observed versus 368.62 expected. Lung cancer was more than five
times the number expected, and 16 deaths from mesothelioma occurred. Of
particular importance in this study is the finding that individuals employed
for periods less than 6 months had significant excess of lung cancer (Table

25). Gastrointestinal cancer was 3)so elevated for those with exposures of



TABLE 2§

Expected and Observed Deaths from Lung Cancer and Cancer of
the Esophagus, Stomach, Colon, and Rectum in wWorkers
Exposed to Amosite Asbestos
(Followed 5 to 35 Years after Employment from 1941 to 1945)*

Length of Lung Cancer GI Cancer

Employment Expected ®served Expected %o
1 mo 1.6 4 1.4 2
1 mo 2.5 6 2.4 2
2 mo 2.4 8 2.6 3
3-5 mo 4.2 9 4.2 8
6-11 mo 3.2 12 3.2 1
1 yr 2.6 15 2.5 5
2+ yrs 5.0 39 6.4 7
Total 22.5 93 2.7 28

*Source: Seidman, et al. 1979
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less than 6 months (15 observed versus 10.6 expected), but the difference
did not have statistical significance. Further, there was not an increasing
risk with time of employment as in the case with lung cancer,

Some data exist that would indicate the air concentrations of asbestos
to which workers in a factory, which operated in Paterson, New Jersey, from
1941 through 1954, were exposed. Following cessation of operations there,
two similar plants were opened elsewhere, using the same equipment and
manufacturing the same product with the same materials. As in the Paterson
factory, dust control was inadequate in the newer plants. These continued
operation through 1971 in one case and 1975 in the second. Ouring 1967,
1970, and 1971 asbestos fiber concentrations in the plants were measured by
the National Institute for Occupational Safety and Health (NIOSH, 1972), and
the results are presented in Table 26. The overall arithmetic average expo-
sure was 34.9 f/ml with a range from about 20 to 80. Using 40 f/ml, as an
estimate of the fiber count in the Paterson factory, one calculates the
average dose received by those employed for less than 6 months to be no more
than 120 f/ml-months, the same dose as would be received by 3 worker em-
ployed 20 years at an exposure of 0.5 f/ml. Of significance, also, is that
the mesothelioma risk is less than that of insulators (3 percent versus 7
percent). Since times from onset of exposure to amosite are comparadble for
each group, the presence of amosite in insulation materials cannot explain
the high rate of mesothelioma among insulators.

In Great Britain, a well-studied factory population (Doll, 1955; Knox,
et al, 1968) provides useful information because of the availability of
environmental information. The mortality experience of this group has been
recently updated (Peto, et al. 1977). Workers exposed prior to 1933 (before

dust concentrations were significantly reduced) had a marked excess of lung



TABLE 26

Asbestos Fiber Concentrations in "wo Amosite insulation

Production Facilitiesd,d

ASBESTOS INSULATION PLANT Y

1967 1970 1971
No. of No. No. of

Operation Mean Samples Mean Samples Mean Samples
Mixing 107.0 3 27.7 2 46.3 7
Forming 98.9 12 24.1 13 25.2 32
Finishing 32.2 4 16.8 2 15.0 17
Inspection

and Packing 13.3 2 13.0 8 11.0 19
Miscellaneous 21.0 14 2.7 5

ASBESTOS INSULATION PLANT X
1967 1970 1971
No. of No. of No. of

Operation Mean Samples Mean Samples Mean Samples
Mixing 163.0 5 36.2 3 74 .4 11
Forming 33.3 18 25.7 3 50.6 39
Curing 2.5 1 31.0 1 13.4 5
Finishing 44 .6 3 34.8 4 39.5 26
Inspection

and Packing 16.7 7 17.9 3 22.8 15
Miscellaneous 13.8 2 16.6 24
aINtosH, 1972

BA1) samples expressed as f > 5 . m/ml.
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cancer (25 observed versus 4,63 expected). Other cancers were elevated, but
not so greatly. Of significance, however, individuals emoloyed after 1933,
and even after January, 1951, were found to have an excess risk of lung can-
cer. These data were analyzed by Peto (1978) in relation to measured and
estimated fiber concentrations. Exposures averaged about 10 f/ml after 1933
and were virtually exclusively chrysotile. Using a linear dose-response
relationship for lung cancer and pleural mesothelioma, he estimated that a 2
f/ml exposure for 50 years would cause approximately 10 percent of male
asbestos workers to die from asbestos-related disease. It should be noted
that data available for analysis were very limited ‘and the estimate was
based on extremely small numbers (14 deaths from lung cancer, 4 from meso-
thelioma, and 17 from nonmalignant respiratory disease). Furthermore, few
individuals in the cohort were more than 35 years from onset of exposure and
at a period of highest risk from asbestos disease.

Another factory population has been extensively studied (Newhouse, 1969;
Newhouse, et al. 1972; Newhouse and Berry, 1976, 1979). Exposures were to
chrysotile, crocidolite, and amosite. Table 27 lists the mortality experi-
ence of both men and women according to estimates of fiber exposure (no
details are provided as to the method of estimation) (Newhouse and Berry
1979). Lung cancer, gastrointestinal cancer, and mesothelioma are signifi-
cantly elevated in the long-term (>2 years) or severe exposure groups. It
has been estimated (Newhouse and Berry, 1976) that as much as 11 percent of
this entire group will die of pleural or peritoneal mesothelioma. Among fe-
male workers, cancer of the breast and cancer of the ovary were significant-
ly higher (p = 0.05).

Mining and Milling: Three studies exist showing mortality patterns in

the mining and milling of pure chrysotile asbestos. A series of studies
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TABLE 27

Mortality Experience of Male and Female Factory Workersd

No. of
E‘msed Males 884 554 937 512
Low to Moderate (5-10 f/ml) Severe (20* f/ml)
Cause of <2 yrs » yrs <2 yrs »2 yrs
Death ] £ 0 3 0 3 0 £
AVl causes 118(4) 118.0 89(7) 95.3 1624(16) 122.2 1764(19) 102.5
Cancer of lunz and
pleura (I1CD 162 17(3) 11.01 16(1) 9.0 314(6) 12.8 564(7) 10.4
-163)e
61 cancer 10 9.0 9(4) 7.3 20<(6) 9.% 19¢(8) 8.2
(1CD 150-158)
Other cancers 6 7.4 8(1) 5.8 16€(3) 7.9 16C(4) 6.3
Chr. resp.
disease 19 17.5 16 14.7 20(1) 17.6 28 15.9




TABLE 27 (continued)

Mortality Experience of Male and fFemale Factory Workers?

No. of

Exposed Females %8 3%

Cause of Low to Moderate Severe (20+ f/ml)

Death (5-10 f/m1) < yrs

0 £ 0 £ 0 E

A1l causes 34b(1) 22.0 88¢(13) 65.6 784(7) 30.4
Cancer of lYung and
pleura 3b(1) 0.5 159(7) 1.9 214(4) 0.8
(1CD 162-163)
Gl cancer
(1CD 150-158) k) 1.9 14€(4) 5.7 9¢(2) 2.6
Other cancers 4 3.2 16(2) 11.9 16d(1) 5.3
Chr. resp.
disease K) 2.3 6 6.8 10€ 3.2

Apewhouse and Berry, 1979
bp <0.05

cP <0.01

dp <0.001

eDisease codes

Musbers in parentheses are mesotheliomas
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(McDonald and Liddell, 1979; ™cDonald, et a'. 1971, 1380) of :0,939 na'e
Canadian mine and mil!l employees show excess mortality, narticularly of <re
respiratory system. Table 28 lists the mortality for *those individuals in
the cohort that achieved 20 or more years from first employment. Standard
mortality ratios were calculated from the expected number of deaths in the
province of Quebec. The risk of death from lung cancer increases linearly
with dust index with no evidence of a thraeshold (relative risk =« | * 0.0014
(mppcf -years)]. The mortality for esophogeal and stomach cancers shows a
strong relationship with dust index, but that of colonrectal cancer does
not. Pleural mesothelioma was a cause of 11 deaths to 1975. The use of
Quebec mortality statistics may underestimate the actual risk as the
earliest report by McDonald (McOonald, et al. 1971) stated that lung cancer
mortality in the five counties near the asbestos mines was only two-thirds
of the province as a whole, the rates of which would be dominated by the
urban center Montreal. The effect of urban—ural difference on the rates
of cancer at other sites is not known. Additiomnally, it is not stated in
the publication how the 10 percent of the cohort that was untraced was
treated. A1)l data on exposure are given in terms of millions of particles
per cubic foot (mppcf). While earlier work described the difficulties of
converting particle counts to f/1 (Gibbs and LaChance, 1974), it is now sug-
gested that a conversion factor between 1 and 5 f/m per mppcf may be appro-
priate (McDonald, et al. 1980).

A Soviet study of the health effects of chrysotile mining and milling is
that of Kogen, et al. (1972). Overall excess mortality of cancer of the
respiratory or digestive tract was seen, particularly in the groups aged 50
years or older (and presumsbly 30 or more years from first exposure). Among

these, 3tomach cancer mortality in male miners is increased 2.5 times and
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TABLE 208

Dust Exposure sad Mortality iIn Chrysotile Mining, 1910-75

Deaths, by Cause, In Relation to Duration of Service*

Length of Service

Very Shert Shor t 1™ } - 7 Complete

{<1) (! - &) {5 - <20) ]>20l Cobort _

Couse of Beath ) S 0 b (4] SR 0 SR 0 SMR

Al causes [ 1.@ 29 1.0 619 1.18 1,008 1.07 3,291 1.09
Proumoconies is || 1.18 ) 5.00 2 1. » .62 42 33.5%

Mo lignant mnesploses:

Lung 4 .9 29 0.8 50 1.9 104 1.61 2130 1.25
Esaphagus and stemach L} 1.3 4] 1.27 18 0.91 50 1.47 130 1.27
Colon and Rectem 22 . 1 0.67 2) 1.16 21 0.62 19 0.78
Other shdeminal 20 1.08 12 0.92 1] 1.0¢ 21 0.9 67 0.98
Laryma 6 1.0 5 1.8 1 0.34 ] 0.78 16 1.07
Other [ Y] 1.12 4) 1.04 a8 1.1) 19 1.08 23 1.09
Heart disesase »o 1.08 251 1.02 287 1.18 424 0.9 1,112 1.0
Respiratery tuberculesis ? 0.62 ? 0.0% 21 2.68 22 1.56 57 1.39
Other respiratery e ] 0.66 4« 1.52 22 on 59 1.12 156 0.99
Cevabrovascular [ ¥4 0.9 9 1.12 S0 .13 [ ¥4 1.1 24) 1.07
Accidents $2 1.3 3 1.32 ) 1.18 56 0.% 183 1.7
A)) sther knemm cawses 120 1.0 | ] 1.0 ] 1.08 132 0.85 450 0.98

Cause not knowm » — 1L} - 12 - [ ] - 69 -

loVusng hoaded with 0 give the aumbers of deaths of men, 20 ‘urs or mire after first employment, eccurring during 1951-75; figures under head-
o ba

ings SIR are raties of desths ebserved te these expect:
*Sewrce: McBonald, et al. 1990

sis of mele mertality 1n Quabec.
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that of female workers by 3.6 times. The corresponding 1ncreases “-r “amz =
and male mill workers are 4.3 and 19.9 times expected. 31ddiz:cnal’y, -n=-as-
tinal cancer is elevated among :he 50+ year group 4.3 times ‘or male mirers,
5.9 times for female miners and 14.3 for women mil) employees. 'nfartunate-
ly, data on the number of deaths are not provided. No cases of mesotne’  3ma
are reported.

Anthophyllite mining has also been found to produce a high risk of 5rop-
chogenic carcinoma (Meurman, et al, 1974). In a study of miners exposed *2
fibers of cummingtonite-grunerite ore series (in which amosite is formec!,
Gillam, et al., (1976) reported excess malignant respiratory disease '17
observed versuys 2.7 expected) at an average air concentration of 0.25 ml.

No cohort mortality studies exist for the mining or milling of crocido-
lite or amosite.

In the above studies of chrysotile mining and milling, mesothelisma was
present to much less a degree than in the following three instances: 3 fac-
tory using chrysotile exclusively, (4 percent of 20+ year employees) (?eto,
1978); the 1:--ast U.S., chrysotile using facility 10 zercent) . ... . n,
et al. 1979) .r i{nsulation work using chrysotile and amosite (7 percent)
(Selikoff, =t al, 1979a). [t appears that as :ne ““2e-. 3re manipulated
through milling, processing, and use, their carcinogenic potential
creases. Whether this is related to a reduction in fiber size or other fac-
tors is yet to be definitively established, particularly in view of animal
data which indicates a reduction in carcinogenic potential following Lall-
milling (see Animal Inhalation section).

Because of its relevance to ingestion, a summary of the available data

on gastrointestinal cancer and peritoneal mesothelioma is given in Table 29.
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Gastrointestinal Cancer in Occupationally fxposed Asbestos Morkers

TABLE 29

Years of Causes Expected
Reference Ohservation of Death Deaths
{1c0)?
INSULAT [ON MORKERS
Selikoff, et a). (197%) 1967-17 150- 154 59.10
Selinoff (1976) 1943-74 150-154 13.6)
Kleinfeld, et a). (1967) 1945-65 150-159
fimes and Simpson (1971) 1940-66 150-154 q-
FACTORY MORKERS
tlenderson and Enter)ine
(1979) 1941-)4 150-159 4.1
Nicholsen, ot a). (197%) 1958-76 150-154 7.99
Seidman, et al. (1979) to 1977 150-154 21.5%
(smos ite only)
Newhouse and Berry (1979)
low-mad. expasure to 1975 150-158 18.2
{excluding
Severs expesure masothelioma) 26.0

Observed Excess
Deaths Deaths SHR
99 3.9 168
43 29.4 15
390¢<
¥4 8 300+
55 14.9 137.8
15 7.0 a8
krs 10.5 149
18 0.2 99
42 16.0 162
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Gastrointestinal Cancer ia Occupationally €xposed Ashbestos Morkers

TABLE 29 (comtinued)

CProportionate mertality

c-88

Yewrs of Causes Expected Ghserved Excess Nusber of
Reference Ohservat len of Death Deaths Dealhs Deaths SR Per itoneal
(1co)e Mesothellomas
NINING AND MILLING
Nchensld and Liddel) (1979) te 74 150-151 2890 none
“heavy enpasures”
Kegan, ot o). (1972) 150
ags 50° male alners 250b
male alllers 410 none
female miners 180 reported
fomals zillers: 1,9%0
9isecase codes T 7
b infermation on number of desths



Indirect Nczupetional Asbestos Exposure: In 1968 it was pointed out hy
Harries (1968) that shipyard workers other than insulators were at risk from
asbestos disease. Among Devonport Dockyard employees, five cases of meso-
thelioma were found among men who had not been "asbestos workers" but had
followed other trades in the yard. These men presumably had been inadver-
tently exposed to asbestos merely by working in the same shipyard areas
where asbestos had been used. Continuing to follow this group, Harries
later documented 55 cases of mesothelioma in this shipyard alone, only 2 of
which occurred in asbestos workers (Harries, 1976), and 1 of which occurred
in a man who had previously sprayed asbestos. A study of the distridbution
of all verified cases of mesothelioma found in Scotland between the years of
1950 and 1967 is also revealing., Of 89 cases available for study, 55 were
fn shipyard employees, dockers, or naval personnel, Of the 55, again only 1
was an asbestos insulation worker (McEwen, et al. 1977).

A study by Edge (1976) of men who had worked in a shipyard in Barrow,
England, attempted to establiish a risk of Tow-level asbestos exposure on a
population basis. He selected 235 shipyard workers with pieural plisques but

= = o [S—]
i

Lmmem 10TA Ghaa..ak 1479 Cavvamdy, MAdéad 17 A masathaliamas and 17 foam Y..aa
TFOm L3/ WnTOUgn 1379, JevVenty died, i/ OV MRSOWVIe/1GWME NG 19 TFGE UNRg
rancar 2 £ ¢*imae arvaatar than avnactad Hamavar tha relavanca aAf ¢thaea
LUITWGT 3§ eV ed Y weww wrrie AR e TBw e TR wvYw g L2 A4 Ciwveilve W L3k 21

The previously mentioned radifological evidence (see¢ Indirect Occupa-
tional Asbestos Exposure section) that asbestos concentrations in genersl
shipyard work (Selikoff, et al, 1979a) or maintenance activities in a chemi-
cal factory (Lilis and Selikoff, 1979) are sufficient to produce fibrosis
points to the existence of a widespread carcinogenic problem from indirect

asbhestos exposures,
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Environmental Asbestos Disease: 'Wagner, et al. (1360) reviewed 47 3523
of mesothelioma found in the Northwest Cape Province, South Aifrica in -re
previous 5 years. 0Of this number, roughly nalf the cases w~ere in pedple ~rc
had worked with asbestos. Virtually all the rest were in individuals wro
had, decades before, simply lived or worked in an area of asbestos mining
(one living along a roadway in which asbestos fibers were shipped). This
germinal observation demonstrated that asbestos exposure of limited inten-
sity, often intermittent, could cause mesothelioma. The hazard was further
pointed out by the findings of Newhouse and Thomson (1965), who showed that
mesothelioma could occur among people whose potential asbestos exposure con-
sisted of their having resided near an asbestos factory or in housenolds of
asbestos workers, Twenty of 7€ cases from the files of the London Hospital
(1917 to 1964) were the result of such exposure; 31 were occupational in
origin, and asbestos exposure was not identified for 25.

Both pleural and peritoneal mesotheliomas have been found to occur fram
environmental asbestos exposure. For example, in the neighborhood and fam-
f1y cases documented by Lieben and Pistawka (1967), two of three family con-
tacts and two of eight neighborhood mesotheliomas were peritoneal. In gen-
eral, a greater percentage of environmental mesotheliomas compared to ocCu-
pational are pleural in origir, This, however, may be the result of a
greater propensity for peritoneal mesotheliomas to be misdiagnosed. In
occupstional circumstances, 40 percent of pleural mesotheliomas were cor-
rectly classified on death certificates versus only 21 percent of peritoneal
mesotheliomas (Selikoff, et al. 1979a).

Synergism and/or Antagonism

Asbestos exposure and cigarette smoking have been found to act syner-

gistically to produce dramatic increases in lung cancer over that from expo-



sure tg aeither agent alone. In 3 prosoective study by Hammona, et al,
11979 of 17,800 insulation workers, smoking histories were solicited from
a'! irdiviguals during 1966 prior to observation. Of 12,051 workers who
passed the 20-year point since entering the trade before or during the
10-year observation period, January 1, 1967 to December 31, 1976, 891 re-
ported they had never smoked, 488 had smoked only a pipe and/or cigars, and
6,841 gave a history of cigarette smoking. No information was available
from the remaining 3,831. Using data of the American Cancer Society (ACS)
on age- and calendar year-specific cancer rates among smokers and nonsmokers
in a prospective study of more than one million people in the United States,
it was possible to make smoking-specific comparisons of the mortality exper-
jence of insulation workers with nonasbestos exposed individuals in the gen-
eral population. Those insulation workers who claimed never to have smoked
cigarettes were found to have an increased risk of death from lung cancer
compared with nonsmokers in the general population, although there were
relatively few deaths, 8 observed versus 1.3 expected. However, among those
with a history of cigarette smoking, the risk was also increased and its
effect was large, 268 deaths being recorded versus 4.7 expected. Among non-
cigarette smokers in the general population Table 30 lists the death rates
and mortality ratios of smoking and nonsmoking asbestos workers compared to
the ACS control population. Asbestos exposure appears to mulitiply the risk
of death of lung cancer by four to six times, irrespective of smoking had-
its. When that risk is already high, as in cigarette smokers, the result is
catastrophic. An earlier study by Selikoff, et al. (1968) indicated that
the risk of death from lung cancer in cigarette-smoking asbestos workers was
92 times that among individuals who were neither exposed to the fiber nor

smoked cigarettes,



TABLE 30

Age -Standardized Lung Cancer Death Ratesd For Cigarette Smoking and/or
Nccupational Exposure to Asbestos Oust Compared with No Smoking and
No Occupational Exposure to Asbestos Oust®

Exposure History Death  Mortality Mortality
Group to Cigarette Rate Difference Ratio
Asbestos Smok ing
Control€ No No 11.3 n.0 1.00
Asbestos workers Yes No 58.4 +47.1 5.17
Control No Yes 122.6 +111.3 10.85
Asbestos workers Yes Yes 601.6 +590.3 53.2¢4

3Rate per 100,000 man-years standardized for age on the distribution of the

man years of all the asbestos workers, Number of lung cancer deaths based
on death certificate information.

bHammond, et al. 1979,
CThe central population is a group of 73,763 white, male workers exposed on
the job to dust, fumes, vapors, chemicals, or radiation,
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Cancers of the larynx, pharynx and buccal cavity, and of the esophagus
in ingulation workers are also associated with cigarette smoking (Hammond,
et al., 1979), Among 50 deaths due to tumors of these sites, none were among
nonsmokers and 3 were among individuals who smoked only pipes or cigars.
Mesothelioma of the pleura or peritoneum and cancer of the stomach, colon,
and rectum, however, were unrelated to smoking habits. [t is worth noting
that in these studies by Selikoff and Hammond over 200 excess deaths
occurred from peritoneal mesothelioma and gastrointestinal cancer (excluding
esophagus) in 2,271 deaths of insulation workers. Were smoking-related lung
cancer not a factor, abdominal cancer deaths would dominate the mortality
experience of this group of asbestos workers,

Nther studies have substantiated the synergistic effect of cigarette
smoking., Berry, et al, (1972) obtained retrospective smoking histories on a
group of asbestos workers and analyzed their mortality according to smoking
habits over a 10-year period of time. The results indicated that the com-
bined effect of cigarette smoking and asbestos exposure on the development
of lung cancer is multiplicative rather than additive.

Although synergistic effects have been documented for bronchogenic car-
cinoma, only cigarette smoking has been investigated in the etiology of
abdominal cancers. The possibility exists, of course, that these tumors too
could have a multiple factor etiology and that other contaminants, ingested
with asbestos, may potentiate tumor development.

Additionally, some nonmalignant asbestos effects are related synergisti-
cally to cigarette smoking. Among a group of factory employees it was found
by Weiss ({1971) that evidence of fibrosis, as manifest on X-rays, was in-
creased among individuals who smoked cigarettes compared to nonsmokers.
Deaths due to asbestosis appear also to be increased in cigarette smokers

compared to nonsmokers (Hammond, et al. 1979).



Tn animal experiments, axposure to senzo{ajpyrene (3P 3ng 1gnragtas Y
act synerqgistically. 2ylev and Shabad [1973) reported =nit Sntritricroa’
injections of 6 mg of <chrysotile anto which was absorhea 1,111 -3 ¢ 22
[from a benzene suspension) and 2 mg of chrysotile coadministared witn 3 =g
8P produced malignant tumors 'n 29 percent and 5S4 percent of rats, respec-
tively. Administration of 6 mg of chrysolite or 5 mq 8P yielded no tumors.
Miller, et al. (1965) found intratracheal injection of chrysolita with 3P to
increase tumor yield over that of B8P alone while amosite appeared o nave
little such effect.

No data exist on antagonistic or prophylatic compounds in relation to

animal or human disease. [n vitro experiments by Schnitzer, et al. (1971}

have shown that hemolysis of red cells can be inhibited by coating the
fibers with jonic polymers such as carboxymethylcellylose.

Fibar Size Considerations

Experimental systems, particularly those used by Stanton and Wrench
(1972) and Pott, et al., (1976), indicate a significantly reduced carcino-
genicity of fibers as the length is reduced or the diameter increased. On
the other hand human data suggest an important role for small fibers. From
analyses of tissue samples from 29 mesothelioma cases, Sebastien, at al,
(1979) found that larger fibers, often amphiboles, tend to be found in the
lung parenchyma, In contrast, in the pleura, the fibers were finer and
shorter and generally chrysotile. The mean length in pleura was 2.3 um and
that of the lung 4.9 um. In 20 pleural samples of 29 autopsy cases in which
asbestos fibers were found, chrysotile was identified as the only fiber in 8
and only a trace (<1 percent) of amphiboles was found in 2 others. [n con-
trast, significant percentages of amphibole fibers (>18 percent) were found

in 26 of 29 lung parenchyma samples from the same cases.
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In an examination of the mortality of workers in different types of
asbestos industries, significant differences occur that may be related to
fiber size. In amosite and chrysotile mining, few mesotheliomas are seen,
whereas, in manufacturing and end product use, large percentages of deaths
occur from this tumor, For example, chrysotile mining and milling, while
related to a significantly increased risk of death from lung cancer and
asbestosis (McDonald and Liddell, 1979; Nicholson, et al. 1979), has not
been associated with an extraordinary mesothelioma risk, Similarly, amosite
mining and milling does not appear to significantly increase the risk of
mesothelioma, while crocidolite mining and milling does (Webster, 1970). On
the other hand, the manufacture of amosite products is associated with a
significant risk of death from mesothelioma, 3.5 percent of the deaths of
individuals 20 or more years from first employment being from this cause
(Seidman, et al. 1979), Further, insulators who were exposed to chrysotile
and amosite, but never to crocidolite (Selikoff, et al. 1970) have 9 percent
of their deaths, 20-plus years from onset of exposure, from mesothelioma
(Selikoff, et al. 1979a). As neither amosite nor crocidolite can account
for this extraordinary risk, chrysotile must contribute significantly. This
is also borne out by observations of the mortality of workers in a
chrysotile using factory. 4.3 percent of long-term deaths were from
mesothelioma 1{in a facflity wusing 5,000-6,000 tons of chrysotile,
approximately S50 tons of amosite, and less than 4 tons of crocidolite
annually (except for 3 years when 375 tons of amosite were used annually)
(Robinson, et al. 1979).

Much of these differences in risk may be accounted for by the differ-
ences in fiber size distributions in the three work environments rather than
by fiber type. The greatest percentage of longer and thicker fibers would

occur in the work environment of miners and millers., As the asbestos is



used in manufacturing processes, it is broken apart as 1t is inccrporateq -
is further manipulated and the fiber reduced in length and diameter. s
these smaller fibers can readily be carried to the periphery of the ‘ung,
penetrate the visceral pleura and lodge in the visceral or parietal pleura,
they may be of greater importance in the etiology of mesothelioma, even
though longer fibers, once there, are more carcinogenic., I[n the case of
crocidolite, fine fiber aerosols are produced even in mining and, thus, all

uses of that fiber are associated with mesothelioma.
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COITERITN STRMULATINN

Txisting cyicdelires ard Standards

The current Occupaticral Safety and Healtn Administration (0OSHA) stan-
dard “cr an 2.hour time weighted average (TWA) occupational exposure to
asbestos is 2 fibers longer than 5 microns in length per milliliter of air
(2 £/ml or 2,000,000 f/m3). Peak exposures of up to 10 f/ml are permitted
for no more than 17 minutes (29 CFR 1910.001). This standard has been in
effect since July 1, 1976, when it replaced an earlier one of 5 f/ml (TWA).
In Great Brita’n, too, a value of 2 f/ml is the accepted level, below which
no controls are recuired (BOHS, 1968); the British standard, in fact, served
as a quide for the OSKA standard (NIOSH, 1972).

The British standard was developed specifically to prevent asbestosis
among working populations; data were felt to be lacking that would allow a
determination cf a standard for cancer (BOHS, 1968). Unfortunately, among
occupational groups, cancer is the primary cause of excess death among work -
ers (see Carcinogenicity section). Three-fourths or more of asbestos-
related deaths z-e from malignancy. This fact has led OSHA to propose a
lower TWA standacd of 0.5 f/ml (500,000 f/m?) (29 CFR 1910.001). The
National Institute for Occupational Safety and Health (NIOSH), in their cri-
teria document for the hearings on a new standard, have proposed a value of
0.1 f/m)} (NIOSH, 1976). In the discussion of the NIOSH proposal, it was
stated that the value was selected on the basis of the sensitivity of ana-
lytical techniques using optical microscopy and that 0.1 f/ml may not neces-
sarily protect against cancer, Recognition that no finformation exists that
would define a threshold for asbestos carcinogenesis was 3lso contained in
the preamble to the 0OSHA proposal. The existing standard in Creat Britain

has also been called into question by Peto (1978), who estimates that asbes-



tos disease may cause the death of 10 percent of workers exposed 3T 2 ¢ 'm]
for a working lifetime. A fiber concentration limit of 1.2 ¢/ml nas recen:-
ly been published in Creat 8ritain (Advisory Committee on Astestcs, 1373,
The existing Federal standard for asbestos emissions into the environ-
ment prohibits “visible emissions" (40 FR 48291). No numerical value was
specified because of difficulty in monitoring ambient air asbestos concen-

trations in the ambient air or in stack emissions. (Time-consuming and

expensive electron microscopy is often required.) Some local government
3

agencies, however, may have numerical standards (New VYork, 27 ng/m~ for

example).

No standards for asbestos in foods or beverages exist even though the
use of filtration of such produc:s through asbestos filters ras been a com-
mon practice in past years. Asbestos filtration, however, is prohibited or
1imited for human drugs (41 FR 16933).

Current Levels of Exposure

As detatled in the Exposure section, asbestos is a ublquitous contami-
nant of our air and water., Air concentrations over 24 hours in metropolitan
areas usually are less than § ng/m3 but can range up to 27 ng/m3. val-
ues up to SO ng/n3 are found during daytime hours in locations where con-
struction activities and traffic can be contributing sources. A significant
fraction of the fibers inhaled ~an be brought up from the respiratory tract
and swallowed. This leads to an ingestion exposure from air sources of up
to 0.1 ug/day, although most of the population exposure is from 0.0l te 0.05
ug/day.

Water concentrations of asbastos are usually less than 106 fibers of
a1l sizes per liter although significantly higher values (168 £/1) nave

been found in circumstances where water systems have been in contact with



asbestiform minerals or where contamination of the water supply exists.
“iber mass concentrations corresponding to fiber concentrations are usually
Tess than 0.01 ug/1 but could exceed 1 ug/). Thus, direct water ingestion
usually leads to exposures of less than 0.02 ug/day.

Clearly, point source pollution can cause both air and water concentra-
tions to exceed the above values. Such instances are discussed in the
Exposure section,

Special Groups at Risk

Special groups at risk may include neonates and children; however, no
data exist on the relative sensitivity to asbestos of infants and children
undergoing rapid growth. (Concern exists because fibers deposited in the
tissues of the young may have an extremely long residence time during which
malignant changes could occur. In addition, risk could be influenced by
differential absorption rates which have not been fully studied at this time.

Individuals on kidney dialysis machines may also be at greater risk as
fluids, potentially contaminated with asbestos fibers can enter the blood
stream directly or, in selected instances, the peritoneal cavity (peritoneal
dialysis).

Although no synergistic effects have been identified in the etiology of
asbestos related gastrointestinal cancer, they cannot be ruled out. Thus,
people exposed to other carcinogens, fnitiators, or promotors could be at
increased risk.

An increased risk is also associated with increased exposure to asbestos
in water in municipalities such as San Francisco or Seattle where asbestos
occurs naturally in water, in cities where there is an interaction between
aggressive water and asbestos cement pipe, or in cities whose water may be

contaminated as a result of asbestos operations. Also, the use of asbestos
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cemen®t oroducts for the collection 2f water, such as in cisterns ‘n *ra

Jirgin {slands or in rcof run<0ffs in tropical areas, i1ncreases exoosure.

33sis and Jerivation oF Triterion

As previously discussed, no definitive studies, eitner animal or =uman,
exist that would establish risk levels from ingestion of asbestos fiders.
Those studies published provide both positive and negative data, but all
have methodological limitations. In the case of the numan studies, these
include observations an only recently exposed individuals, small study
groups, low exposures, population mobility, uncertainty over tne effect of
confounding variables, and inappropriate control populations. Anima) stud-
ies have uysually been conducted with very small numbers of animals, have
lacked proper pathology, used limited doses of asbestos, ang poorly defined
the materials ingested.

On the other hand, human studies of workers exposed to air~borne asbestos
unequivocally demonstrate an excess risk of gastrointestinal cancer in vir-
tually all aroups surveyed. A route of exposure to the gastraintestinal
tract from such exposures is also clear from the fibers cleared from the
lung and bronchial tract and subsequently swallowed. Using information on
airborne exposures to workers, it is possible to estimate an approximate
exposure level to. the gastrointestinal tract from estimates of airborne
asbestos concentrations, This, however, involves the use of data having, in
some cases, signiffcant uncertainties and, thus, the criterion level on
asbestos in water that will procuce a specified risk camnot de estadlished
with high precision.

Experimenta)l uncertainties exist as to the air concentrations in fibers
longer than 5§ um/ml to which workers were exposed in past years, the conver-

sion of these >5 um fiber concentrations to concentrations of fibars of all
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sizes in air, ard cn the size distributions of water and airborne asbestos
sols. Information is also lacking on the importance of fiber size in *he
production of human cancer. On the one hand, longer fibers are more car-
cinogenic in experimental systems although guantitative data are limited.
On the other hand, smaller fibers appear to more readily cross body barriers
to reach sites of importance for human carcinogenesis. The relative impor-
tance of these two factors cannot be accurately estimated.

A substantial body of data exists which shows increased incidence of
cancer of the esophagus, stomach, colon, and rectum or peritoneal mesothe-
lioma in humans exposed to asbestos occupationally. For several of these
groups, data exist on the approximate airborne fiber concentrations to which
individuals were exposed (see Effects section). These human data will serve
as the primary basis for a standard of asbestos in water., Experimenta)l data
(see Pharmacokinetics section) indicate that a major fraction of the asbes-
tos deposited in the lungs is subsequently swallowed. In this section, the
dose to the gastrointestinal tract of four occupational groups will be cal-
culated from knowledge of the air concentrations to which the workers were
exposed and the assumption that all the asbestos inhaled subsequently passed
through the gastrointestinal tract and provided the exposure that Ted to the

. e - &

observed increase in abdominal cancer. The assump that ail innaled as-

s
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tion on the fraction cswallowed. These uncertainties., however

nimportant {n comparison to our inability to estimate the guantity of

o
L
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asbestos that might be directly swallowed. If the amount of assestss

directly ingested is less thar that which remains in the lungs or is 2'=2are

(9%

from the body by other than ingestion, the estimated criteria level will ze
less stringent. [f the directly ingested asbestos is of more importance,
the criteria level will be mora stringent,

Table 31 lists the percentage of death from excess gastrointestinal can-
cer and peritoneal mesothelioma in four groups of asbestos workers. Calcu-
lations of these percentages were made using expected numbers of death,
rather than the observed, because the latter is often significantly inflated
by including other asbestos-related deaths (asbestosis, lung cancer, and
pleura) mesothelioma).

Table 32 lists the fiber concentration estimates (see Carcinogenicity
section) and an exposure index for each cohort (years of exposure x fiber
concentration). This index will be used to calculate the number and mass of
asbestos fibers ingested during a working lifetime. As the observed mortal -
ity 1s, to a large extent, after 20 years from first exposure, the inter-
mixing of time and exposure does not present significant problems.

The average length of exposure for the insulation workers in the first
group was calculated from data on employment time at entry into the cohort
in 1967, A working lifetime of 40 years was used for the smailier group of
New York and New Jersey insulators, virtuaily ail of whom were deceased or

retired. The estimate of the personweighted exposure index for the amosite

YZNo, at risk x exposure x time) _ 120,71
I Z(No. at risk)
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TABLE 31

Percentage of fxcess Gastrointestinal Cancers and Peritoneal Mesotheliomas
in Four Groups of Asbestos Workers
- ~ MNumber of fxcess Deaths  Excess deaths as a
{from Table 29) txpectied Percentage of Expected
Number of feaths in Cohort
Peritoneal Deaths in -
Fxnaced Graun 3] Cancer Mocathalioma Cohart nr Do  mocn T4 oy
CApVILL O Uiy e W YR U LIIT § FUANa LUNIUS L al . wWHu, ivLal
Insulation workersd 39.9 112 1.658.9 2.4 6.7 9.1
(chrysotile and amosite) (1CD 150-154)
Insulation workersb
{chrysotile and amosite) 29.4 22 305.20 9.6 7.2 16.8
{ICD 150-154)
Factory employmentC
£ o m 282 in £ Q 21£0 £9 2 N 2 1
{ami> 1Lt ) AV, J (&) JV0 .0 L 40 4 L0 D.1
(1CD 150-154)
Factory n-nlnu-n!!fd
Factory emnloyment
(chrysotile, crocidolite o
and amosite) 15.8 35 556.0 2.8 6.3 9.1
{1CD 150-158 ex meso)
Factory Retirees® 14.9 unknown 648.7 2.3 ? 2.3
{chrysotile, crocidolite but < §
and amosite) (1CD 150-159)
Miners and millersf 27.8 0 3,019.3 0.9 0 0.9
(chrysatile) (1CD 150-151)
aselikoff, et al. 19792 dMevhouse and Berry, 1979 -

bSelikoff, 1976
CSeidman, et al, 1979

€Henderson and Enterline, 1979
fMcDonald, et al. 1980
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TABLE 32

g£xposure [ndices for Ashestos Worker 3roups

Air Fiber Person-weighted Exposure Index
Exposed Group Concentration Average Exposure  (vears x f/ml)
(fiml) Time (yrs.)
U.S. insulators
Selikoff, et al. (1979a) 15 (Tadble 22) 34 510
NY/NJ insulators
Selikoff (1976) 15 (Table 22) 40 600
Amosite factory workers
Seidman, et al. (1979) 40 (Table 26) 1.9 76
British factory workers
Newhouse and
Berry (1979) 12-30 See Table 33 180
Factory retirees See note a 740
Henderson and
Enterline (1979)
Chrysotile miners See note a 585

and millers

AThe cumulative exposure index in f/ml x years was calculated by multiply-
ing a person-weighted exposure index in mppcf x years by 3.
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TABLE 33

Exposure Estimates for Workers in a British Factory*

Exposure Group No. at Risk  Exposure (f/ml) T1M!(;:.E: sure
Severe <2 years 711 30 20
>2 years 1,333 30 2
Low to Moderate <2 years 503 10 20
> years 933 10 2

*Source: Newhouse and Berry, 1979
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The fiber exposures for the studies of McOlonald, et al. ‘198C) anc -er-
derson and Enterline (1979) were calculated from the estimate of “clora'z,
et al. (1980) that | mppcf is equivalent to 3 f/ml, 'While no data supccr=
this suggestion, it appears reasonable and was also used for tne factory
exposure circumstances.

The majority of samples analyzed for the EPA to date were characterized
by a concentration of all electron microscopic visible fibers per liter of
water (see Exposure section). Further, techniques for the determination of
fiber concentrations (as opposed to mass concentrations) have been pub-
lished as interim EPA procedures (Anderson and Long, 1980). Thus, a criter-
fon for the concentration of fibers of all sizes in water corresponding to a
10'5 risk will be calculated directly from the concentrations of fibers
greater than 5 um measured in the occupational circumstances that produced
disease. Unfortunately, the data currently available relating air concen-
trations of fibers longer than S um, counted by optical microscopy, to those
determined by electron microscopy, are extremely limited. These include
those by Wallingford (1978), 1:15; Millette (personal communication}, 1:4C0;
and Winer and =ossett (1979), 1:1,000 and are only for chrysotile asbestos.
Using the geometric mean of 200 for this factor from all available data, a
total fiber concentration corresponding to 2 1075 risk can be calculated
from the data of Tables 31 and 32. The scant data on the relztion between
electron and optical microscopic counts 1is uncertain, The variability
between these three measurements is likely the result of losses during the
preparation of specimens for electron microscopy. Thus, the value by Wal-
lingford appears unduly low and is in disagreement with electron microscopic
size distributions showing 1 to 3 percent of fibers in chrysotile asbestos
aerosols to be longer than 5 um, With these considerations, the uncertainty

in the value 200 may be estimated to be a factor of 3.
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In making the calculation, one tacitly assumes the same fiber size dis-
tribution in water as in occupational air sampies. Some data show tha*
water fiber size distributions vary greatly (Millette, et al. 1979a,5), and
occupational air distributions have been shown to be so variable that the
fraction of fibers longer than S um can range over a factor of 10 depending
on sampling circumstances (Nicholson, et al. 1972). -Although sizing of
airborne and waterborne fibers has not been done using the same methods,
qualitatively, water appears to have fiber distributions with more smaller
fibers than in occupational air samples. Experimental studies, previously
discussed, have shown that once in place, longer fibers are more
carcinogenic than shorter ones. However, shorter fibers ippear to more
easily cross organ barriers and migrate throughout the body, and may, thus,
be of greater importance for some asbestos malignancies, particularly meso-
thelioma (Sebastien, et al. 1979). The extent to which the assumption of
the same fiber size distribution in water as in air will likely yield a con-
servative criteria (from the point of view of health) cannot be estimated.

A detailed calculation of the 70-year lifetime risk from the injection
of 106 fibers of asbestos per day is given in Appendix I. Data of the oc-
cupational risk of both gastrointestinal cancer and peritoneal mesothelioma
were used (Table 31). Account was taken of the fact that occupational expo-
sures took place over a S-day work week and that the ingestion exposure may
encompass a lifespan of 70 years. [t was assumed that a worker breathes at
the rate of 1 m3/hr during work exposure for the purpose of calculating
total asbestos intake per day. Using a linear dose-response relationship
and a specified risk of 10'5. the calculated 70-year daily intake resuit-
ing from these calculations are given in Table 34. [t s not correct to

simply average intake levels (rather than risks) as a single study showing

c-107



TABLE 34

The Calculated Risk of Death over a 70-Year Lifetime from
Gastrointestinal Cancer and Peritoneal Mesothelioma from
Ingestion of 106 f/day of Asbestos

Exposure Group Estimated Risk
106 f/day

Selikoff, et al. (1979a) 1.1 x 10-5

Selikoff (1976) 1.7 x 10-5

Newhouse and Berry (1979) 3.1 x 10-5
Henderson and Enterline

(1979) 1.9 x 10-6

McDonald, et al. (1980} 9.5 x 10-7

Average 1.28 x 10-5

This average corresponds to a daily intake of
800,000 fibers for a 10-5 lifetime risk.



very dow risks could yield an intake level of unlimited magnitude. The in-
clusior of such a leve!l in any averaging process would ¢learly not 2e aporo-
priate, The data from Seidman, et al. (1979) were not used decause it was
exclusively ftram amosite exposures. While exposure over the last 10 or 20
years of life may not have been of great importance in the generation of
ashestos related cancers, those ingested during the first 10 years may be
much more important than fibers ingested later, and no consideration was
taken of this possibility in establishing criteria levels, Further, the
occupational exposures from which the criteria were developed utilized
exposures through the lifetime of the populations. Assuming that two liters
of water are ingested per day, this would correspond to a concentration of
ann,nno fibers of all sizes/liter of water,

[t is remarkable that three long exposure groups had similar exposure
indices. This would suggest that these estimates are indeed reasonable.
The exposure index for the study of Newhouse and Berry may be low, and this
would produce a higher risk estimate. On the other hand, as previously dis-
cussed, the mortality data of Henderson and Enterline (1979) and McDonald,
et al, (1980) may underestimate effects producing lower risk estimates.

A criterion for a mass concentration of asbestos can also be calculated
using the conversion value of 30 ug/m3/f/m1 derived from the data of Table
2 for predominantly chrysotile exposures. A value of 150 ug/m3/f/ml for
amosite appears more appropriate, based on the finding of Davis, et at.
(1978) that amosite has approximately a three time greater conversion factor
than chrysotile, A detajled calculatfon is given in Appendix II and the
results summarized in Table 35. Assuming that 2 liters of water are ingest-
ed per day, a risk of 10'5 would be produced from ingesting water contain-

ing 0.05 ug/liter. As mentioned in the "Exposure"“ section, the variability
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TABLE 35

The Calculated Risk of Death over a 70-Year Lifatime from

Gaetrnintacertinal Canrar and Pearitnnax]l Maeathaliama Fanm
MBI Wl WiTiwwde (i'@ 7 Wi ww' Wi Tl e Q1 D IQIWLIIg T g

Ingestion of 1 ug/day of Asbestos

Exposure Group Estimated Risk
ug asbestos

Selikoff, et al. (1979a) 7.3 x 10-5
Selikoff (1976) 1.1 x 10-4
Seidman, et al. (1979) 5.5 x 105
Newhouse and Berry (1979) 2.1 x 10-4
Henderson and Enteriine (.979) 1.3 x 10-5
McDonald, et al. (1980) 5.4 x 10-A

Averager* 8.6 x 10-5
;;t;s!?:;;:;:o:g:kfo a dafly intake of 0.12 ug for a



in the data used to convert optica' finer counts to mass (factor D in Appen-
4ix {7} leads to 3 large uncertainty ‘3 factor of 5) in the above estimate.
Corsidering chrysotile and depending on the source of the asbestos in

6 o 25 x 106

water (see Table 5), 03.05 ug/liter corresponds to from 10
fibers of all lengths per day. Such estimates are considerably higher than
those derived previously and are most likely a reflection of the differences
in the sizes of the fibers found in water, as compared to those found in
ajr, Because of these uncertainties, high priority should be given to ob-
taining accurate size and mass distribution of typical fibers found in dif-
ferent circumstances (air and water) which would allow appropriate conver-
sions to be made between fiber concentrations in air and water,

Although positive animal experiments had various experimenta) limita-
tions, risk estimates were calculated from their data using a modified one
hit model as previously discussed in the Methodology document. The dats are
presented in Table 36. Considering the large number of experimental uncer-
tainties, these values provide reasonable support for the concentraticn
derived from human exposure data.

This document was concerned with the estimation of that concentration of
asbestos in water which will produce a lifetime risk of 1 in 100,000 in a
population exposed continuously. The risk estimate was made using a linear
extrapolation from existing human data and would appear to constitute a con-
servative extrapolation. However, in the case of asbestos, the risk factor
of 1/100,000 is not conservative. I[f we were concerned with intermittent or
localized contamination incidents of some carcinogen that once identified,
could be abated, such a value would have utility. With asbestos, however,
we are concerned with a ubiquitous contaminant in the environment to which
large populations are continuously exposed for decades. Further, the esti-
mated value has a high degree of uncertainty associated with it, based upon

the data from which it was derived,
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TABLE 36

Risk Estimates from Animal Experiments+*

Estimated 10—
Effect Dosage (ugfl)

4/42 Kidney carcinomas 3.2
0/49 control

12/42 Malignancies 1.1
2/49 control

*Source: Gibel, et al. 1976
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llnder *he (anzer*t QDecree in NROC v, Train, criteria are to state "recom-
mended maximum permissible concentrations (inciuding where appropriate,
zero) consistent with the protection cof aquatic organisms, human health, and
recreationa) activities." Asbestos is suspected of being a human carcino-
gen. Because there is no recognized safe concentration for a human carcino-
gen, the recommended concentration of asbestos in water for maximum protec-
tion of human health is zero.

Because attaining a zero concentration level may be infeasible in some
cases and in order to assist the Agency and states in the possible future
development of water quality regulations, the concentrations of asbestos
corresponding to several incremental lifetime cancer risk levels have been
estimated. A cancer risk level provides an estimate of the additional inci-

dence of cancer that may be expected in an exposed population, A risk of
5

PPN e -~ _ 1 oA A = PR W W . I PN Py 4 o d Al e Y - 2 = = Y
10 TOor exampieé, 1nagicates a pPropapiiity Or 1 adgitional cCase oOr cancer
£ _ _ 1A~ AAm P Iy Py - =d ot oy 4 1n-6 dmdd madaa 1 addd bl amal
TQgr every [(QU,UUU peQpie exposea, J4 TISK 0T 1V iNgTCateés 1L Jaaagitionat
mmmm ol amnmme Looa miiamoaas amd V1V1dam mmamlea avacsad amed an Lamdin
Cas® g7 Lancer 1Ur every miliivln PeUpIie CAPUIBU, anu Ju 1urLiv,
Tm oha Cadawas Damsebtaw nadtdma af auailahidlsesy Af Awmafs amid ant Labam
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Auality ~ritaria FDA ctatad that i+ e rpneidarina coattinag criteria at an
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Exposure Assumption Risk Levels and Corresponding Criteria (1)
10-7 10-6 105
2 liters of drinking water 3,000 £+ 30,000 /1 300,000 f/1
rameiommddamn Af £ieh and
\.Ull)ulllvhlull ("2 ] I 130 any
shellfish only No Criterion
*f o fibers
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(1) Calculated by 2applying a relative risk epidemiological mocel 15
described in the Methodology Cocument to the human epicemic'cc:ci
data presented in Appendix [II. Since the extriapolation mcce: s
linear at low doses, the acdditional lifetime risk is cirectly oro-
portional to the water concentration, Therefore, water concentra-
tions corresponding to other risk levels can be derived by mult- -
plying or dividing ore of the risk levels and corresponding water
concentrations shown in the table by factors such as 10, 100,
1,000, and so forth,

Concentration levels were derived assuming a lifetime exposure to var- -
ous amounts of asbestos occurring from the consumption of drinking water
only.

Although total exposure information for asbestos is discussed and an
astimate of the contributions from other sources of exposure can be made,
this data will not be factored into ambient water quality criteria formula-
tion until additional analysis can be made., The critaeria presented, there-

fore, assume an incremental risk from ambient water exposure only.

c-114



REFERENCES

Advisory Committee on Asbestos. 1979. Vols. I and II: Final report of the
Advisory Committee. Health and Safety Commission. Her Majesty's Stationery

2f€ice, London,
Amacher, N.E., et al. 1975. The dose-dependent effects of ingested chryso-
tile on DNA synthesis in the gastrointestinal tract, liver, and pancreas of

the rat. Environ. Res. 10: 208.

Anderson, C.H. and J.M. Long. 1980. Interim method for asbestos in water.

EPA 6NN/4 LO-HNS. U.S. Environ., Prot. Agency Res. Lab,, Athens, Georgia.

Anderson, H.A., et al. 1976. Household-contact asbestos neoplastic risk.

Ann. N.Y. A¢ad. Sci. 271: 311l.

Auribault, M, 1906. B8ull, del-inspect. du travail,

Bader, M.E., et al. 1961. Pulmonary function in asbestosis of the lung on

alveolarcapillary block syndrome. Am, Jour, Med. 30: 235.

Balzar, J.L. and W.C. Cooper., 1968. The work environment of insulating

workers, Am. Ind. Hyg. Assoc. 29: 222.

Beaman, D.R. and D.M. File. 1976. Quantitative determination of asbestos

fiber concentrations. Ann. Chem., 48: 1.

c-118



Berry, G., et al, 1972. Combined effect of asbestos exoosure 2rd smcx'ng

on mortality from lung cancer in factory workers, L_ancet. 2: 475,

Bonser, G.M, and 0.8. Clayson. 1967. Feeding of blue 3stestos 5 rat®s.

Br. Empire Cancer Campaign for Retearch, 45: 242.

Brajn, J.D. and P.A, Volberg. 1974, Models of lung retention >ased on [CRP

task group report. Arch. Environ, Health. 28: 1.

British Occupational Hygiene Society. 1968. Hygiene standard for chryso-

tile asbestos dust. Ann, Occup. Hyg. 11: 47.

Brown, A.L., et al. 1976, The -eljfability of measures of ampnhibole fiber

concentratfon in water, Environ, Res, 12: 150,

Buelow, R.W., et al, 1980. The behavior of asbestos <ement cipe under var-

ious water quality conditions: A progress report, Res. ":zch, Feb: 31.

Carter, R.E. and W.G. Taylor, 1330. [ge -ification of a oarticular amc-
bole asbestos fiber in tissues of persons exposed to a high oral intake of

the mineral. Environ. Res. 21: 8%.

Chamberlain, M, and E.M. Tarmy. 1977, Asbestos and glass fibres in be

ial mutation tests. Mutat. Res. 43: 159,

Chatfield, E.J., et al. 1978, Freparation of water samples for asbestos
fiber counting by electron microscopy. U.S. Environ. Prot, Agency. EPA
600/4.78011.

Cc-116



Chepra, K.S. 1972, [nterlatoratory measurements of amphibole and chryso-

tile fiper concentration in water. Jour. Test. Eval. 6: 241,

Commins, 3.7. and C.W., Cibbs. 1969. Contaminating organic material in as-

bestos. B8r, Jour. Cancer., 23: 358.

ook, P.M, 1978, Amphibole Fiber Concentration Determination for Series of
Communication Air Samples: Use of X-ray Diffractions to Suppliement Electron
Microscope Analysis. [In: P.A, Russell and A.E. Hutchins (eds.), Proc. Symp.
Clectron Microscopy and X-ray Applications to Environ. and Occup. Health

Analyses. Ann Arbor Science Publishers, Ann Arbor, Michigan. p. 107.

Cook, P.M, and G.F. Nlson. 1979. Ingested mineral fibers: Elimination in

human urine, Science. 204: 19S5.

Cook, P.M,, et al. 1974, Asbestiform amphibole minerals: QDetection and
measurement of high concentrations in municipal water supplies. Science.

185: 853.

Cook, P.M,, et al, 1976. X-ray Diffraction and Electron Beam Analysis of
Asbestiform Minerals in Lake Superior Waters. In: Proc. Int. Conf. Environ,

Sensing Assessment. 34: 1,

Cook, P.M., et al. 1978, Evaluation of cartridge filters for removal! of

small fibers from drinking water. Jour. Am. Water Works Assoc. 70: 459.

C~117



Cooper, R.C. and 4.C. Cooper. 1978, 2yuplic mealth aspec*ts ¢ 35285773
‘ibers in drinking water., Jour. Am, Water Works Assoc. T2: I1%,

Cooper, Q.C., et a', 1972, Asbestos in Zomestic water s.o2''ss “7r 0.2
California counties., Progress report for perioc April 25, 1377 =z _.re 37,

1972, under Contract No. R8M4366-02. U.S. Environ, Prot. 2igency.

Cooper, R.C., et al, 1979, Asbestos in domestic water supplies “or fiye
California counties. Part II, EHS Publ. No. 79-1, Schoo! aof 2udlic -e3lth,

UInfv. Calif. Berkeley. p. 247.

Cooper, W.C. and J.L. Balzer, 1968, Evaluation and Contrcl 2f Asdestos
Exposures in the [Insulating Trade. [n: Holstein and -:rspach leds.),
International Konferenz uber die Biologischen Wirkungen des 2szestos, Jres-

den, Germany, April 22-24. B8erlin, Deutsche Zent. Ardeitsmec. 2. .3..

Cooper, W.C. and J. Miedema., 1673. Asbestosis in the Manufacture of [rsu-
lating Materials. [n: P. Bogovski, et al. (eds.), 8iologica'l If%ects of

Asbestos. [ARC Jorid Health Org., Lyon, France. ©c. l75.
Craun, G.F., et al, 1977. Exposure to Asbestos Fibers in water Jistribu-
tion Systems. [In: Proc. 97th Ann. Conf. Am. Water Works Assoc., Anaheim,

California, May 8.13.

Cunningham, H.M, and R.0D. Pontefract. 1971. Asbestos fiders 1n >everages

and drinking water, Nature, 232: 332.

c-118



Cunningham, H.M, and R.D. Pontefract. 1972, Asbestos fibers in beverages,
drinking water and tissues: Their passage througr the intestinal wal'l ang

~gvement through the bocdy. JCur. 2ssoc. Off. Anal, Chem. 56: 376,

Cunningham, H.M, and R.D, Pontefract. 1974. Placental transfer of asbes-

tos. Nature., 249: 177,

Cunningham, H.M,, et al. 1976, Quantitative relationship of fecal asbestos

to asbestos exposure. Jour. Toxicol. Environ, Health, 1: 377.

Cunningham, H. M., et al., 1977. C(hronic effects of ingested asbestos in

rats, Arch, Environ. Contam., Toxicol. 6&: 507.

Davis, J.M.G., et al., 1978, Mass and number of fibers in the pathogenesis

of asbestos -retated lung disease in rats. Br. Jour, Can. 37: 673.

Doll, R. 1955. Mortality from lung cancer in asbestos workers. Br, Jour.

Ind., Med. 12: 81.

Donna, A. 1970. Tumori sperimentali da amianto di crisotilo, crocidoalite e

amosite in ratto Sprague-Dawley. Med. Lavoro. 61: 1.
Ougaan, M.J., and E.W, Culley. 1978. The counting of small numbers of as-

bestos fibers on membrane filters: A comparison of results from some commer-

cial laboratories. Ann. Occup. Yyg. 21: 85.

~-119



Sdge, J.R. 1975. Asbestos-elated disease in 2arrow and furness. Invoro-

gd_ﬁe, C.R. 1979, The incidence of carcinoma of the SrAapcnys 1N S”icﬂ/ﬂff

workers with pleural plagues. Ann, N,Y. Acad. Sci. 330: 289,

Eimes, P.C. and M.J.C. Simpsen. 1971. Insulation workers in Belfast. [II.

Mortality (1940-66). Br, Jour. Ind. Med. 28: 226.

Elmes, P.C. and M.J.C. Simpson. 1977. Insulation workers 1n Belfast., A
further study of mortality due to asbestos exposure (1940-79). Br., Jour.

Ind. Med. 34: 174,

Enterline, P.E. and V. Henderson. 1973. Type of asbestos and respiratory

cancer in the asbestos industry. Arch. Environ. Health, 27: 312.

Enterline, P., et al, 1972. Mortality in relation to occupational exposure

in the asbestos industry, Jour, Occup. Med. 14: 897.

Evans, J.C., et al. 1973, Studies on the deposition of inhgled fibrous
material in the respiratory tract of the rat and its subsequent cClearance
using radfoactive tracer techniques. [. UICC crocidolite asdestos. Envi-

ron, Res. 6: 180,

Ferris, 8.G., Jr., et al, 1971. Prevalence of chronic respiratory disease.

Arch, Environ. Health, 23: 220.

c-120



Fleischer, W.E.. et al, 1946. A health survey of pipe coverage operations

in construction of naval vessels. Jour. Ind. Hyg, Toxicol. 28: 9.

Gibbs, G.W, and M, LaChance. 1974, OQust-fiber relationships in the Quebec

chrysotile industry. Arch, Environ., Health, 28: 69,

Gibel, W., et al. 1976. Tierexperimentelle untersuchungen uber eine kan-
zerogene wirkung von asbestfiltermaterial nach oraler aufnahme. Arch.

Ceschwulstforsch., 46: 437.

Gillam, J.D., et al. 1976. Mortality patterns among hard rock gold miners

exposed to an asbestiform mineral. Ann. N.Y, Acad. Sci. 271: 336.

Gloyne, S.R. 1835. Two cases of squamous carcinoma of the lung occurring

in asbestosis. Tubercle, 17: 5.
Gross, P., et al. 1967. Experimental asbestosis: The development of lung
cancer in rats with pulmonary deposits of chrysotile asbestos dust. Arch,

Environ, Health, 15: 343,

Gross, P., et al, 1973. Lymphatic transport of fibrous dust from the

lungs. Jour. Occup. Med. 15: 186.

Gross, P., et al. 1974, Ingested mineral fibers. Do they penetrate tissue

or cause cancer? Arch, Environ. Health, 29: 341.

Cc-121



Hallenbeck, W.H., et al. 1978, Is chrysotile asbestas released From isnas -

- -

tos cement pipe into drinking water? cur, Am, water wcrks Assoc. 0 37

Hammond, E.C., et al. 1979. Asbestos exposure, cigarette smoxing, ars

death rates. Ann. N,Y, Acad. Sci. 330: 473,

Harington, J.S. 1962, Occurrence of oils containing 2,4 benzoyrene anc

related substances in asbestos. Nature, 193: 43,

Harington, J.S. and F.J.C. Roe. 1965. Studies of carcinogenesis of asbes-

tos fibers and their natural oils. Ann. N.Y, Acad. Sci. 132: 439.

Harliss, K.W., et al, 1978, The acute effects of chrysotile asbestos expo-

sure on lung function. Environ. Res, 16: 360.

Harries, P.G. 1968. Asbestos hazards in naval dockyards. Ann. Occup. ~vg.

11: 135.

Harries, P.G. 1971a. A comparison of mass and fibre concentrations of

asbestos dust in shipyard fnsulation processess. Ann, Occup. Hyq. 14: 234,
Harries, P.6. 1971b. Asbestos dust concentrations in ship repairing: A

practical approach to improving asbestos hygiene in naval dockyards. Ann,

of Occup. Hyg. 14: 241,

c-122



warrigs, P.Z, 1976. Experience with asbestos disease and its control in

Zreat 3ritain's naval dockyards. Environ, Res., 11: 261,

Harrington, J.M., et al. 1978, An investigation of the use of asbestos
cement pipe for public water supply and the incidence of gastrointestinal

cancer in Connecticut, 1935-1973. Am, Jour. Epidemiol. 107: 96.

Henderson, V.I. and P.E. Enterline., 1979. Asbestos exposure: Factors asso-
ciated with excess cancer and respiratory disease mortality. Ann. N.VY,

Acad. Sci. 330: 117,

Holt, P.F., et al, 1964, The early effects of chrysotile asbestos dust on

the rat lung. Jour. Pathol. Bacteriol., 87: 15,

Irwig, L.M., et al. 1979. Risk of asbestosis in crocidolite and amosite

mines in South Africa, Ann, N.Y. Acad. Sci. (In press)

Jacobs, R., et al. 1978, Light and electron microscope studies of the rat
digestive tract following prolonged and short-term ingestion of chrysotile

ashestos, Br. Jour. Exp. Pathol. 59: 443,

Kay, G. 1973. Ontario intensifies search for asbestos in drinking water,

Water Pollut, Control. 9: 33.

Kiviluoto, R, 1960. Pleural calcification as a roentgenologic sign of non-

occupational endemic anthophyllite -asbestosis. Acta Radiol. Suppl. 194: 1.

c-123



Kleinfeld, M., et al. 1967. Mortality experience in a group of 2sdestqs

workars, Arch, faviron, =ealth, 15: 177.

Knox, J.F., et al. 1968. Mortality from lung cancer and other causes among

workers in an asbestos textile factory. B8r, Jour. Ind. Med. 25: 293.

Kogan, F.M., et al. 1972. The cancer mortality rate amonqg workers of as-

bestos industry of the Urals, Gig. i Sanit., 37: 29.

Langer, A M, 1974, Inorganic particles in human tissues and their associa-

tion with neoplastic disease. fnviron, Health Perspect. 9: 229.

Langer, A .M., et al. 1971. C(Chrysotile asbestos in the lungs of persons in

New York City. Arch. Environ. Health, 22: 348,

Langer, A M, et al., 1973. Identification of asbestos in human tissues.

Jour. Occup. Med, 15: 287,

Langer, A.M,, et al, 1978, Variation of some physical, chemical, and bio-
logical properties of chrysotile asbestos subjected to prolonged milling.

Jour. Toxicol. Environ. Health., 4: 173.

LeFevre, M,, et al, 1978, Accumulation of 2 um latex particles in mouse

Peyer's patches during chronic latex feeding. Experientia. 34: 120.
Levy, B8.5., et al, 1976, Investigating possible effects of asbestos in
city water: Surveillance of gasirointestinal cancer incidence in Duluth,

Minn., Am, Jour, Epidemiol. 103: 362.

C-12¢4



Lewinsohn, H.C. 1372, The medical surveillance of asbestos workers. R.

Soc. Health Jour. 92: 69.

Lewis, B.G. 1377. Asbestos in cooling-tower waters. Arqonne Natl. Lab.,

Argonne, I11ino1s. ANL/ES-63.

Lieben, J.P. and H. Pistawke, 1967. Mesothelioma and asbestos exposure.

Arch, Environ. Health, 14: 559,

Lilis, R, and [.J. Selikoff. 1979. Asbestos disease in maintenance workers

of the chemical industry. Ann. N.Y, Acad. Seci. 330: 127.

Lynch, J.R., and H.E. Ayer, 1966. Measurement of dust exposures in the

asbestos textile industry. Jour. Am. Ind. Hyg. Assoc. 27: 431,

Lynch, J.R., et al. 1970. The interrelationships of selected asbestos

exposure indices. Jour. Am, Ind. Hyg. Assoc. 31: 598,

Lyneh, K.M. and W.A, Smith, 1935, Pulmonary asbestosis. I[Il. Carcinoma of

lung in asbestos silicosis. Am, Jour. Cancer. 24: 56.

Lynch, K.M.,, et al. 1957. Pulmonary tumors in mice exposed to asbestos

dust. Arch. Ind. Health, 15: 207.

Maltoni, C. and C. Annoscia. 1974, Mesotheliomas in Rats Following the
Intraperitoneal Injection of Crocidolite. In: W. Davis and C. Maltoni
(eds.), Advances in Tumour Prevention, Detectibn, and Characterization. Vol.

1: Characterization of Human Tumours. Excerpta Medica, Amsterdam. p. 115.

C=-128



Mancuso, T.F. and E.J. Coulter. 1963. Methodology in sincustria’ naa'+n

studies. The cohort approach, w~ith special reference to an ashestss -om-

pany. Arch, fZnviron. Health., 6 210,

Mason, T.J., et al. 1974, Asdestos-like fibers in Duluth water supply.

Relation to cancer mortality. Jcur., Am. Med. Assoc. 228: 1019,

McDonald, J.C. and 0.K. Liddell, 1979, Mortality in Canadian miners and

millers exposed to chrysotile. Ann. N.Y, Acad. Sci. 330: 1.

McDonald, J.C., et al, 1971. Mortality in the chrysotile asbestos mines

and mills of Quebec., Arch. Environ, Health, 22: 677.

McOonald, J.C., et al. 1980. Oust exposure and mortality in chrysotile

mining, 1910-75. 8r. Jour. [nd. Med. 37: ll.

McEwen, J., et al, 1977. Mesothelioma in Scotlanc Jc 3r, Med, 4: 575,

Merewether K E.R.A, 1947, Annual report of the chiefr  ;pec..

1)
i

for the year 1947, Her Majesty's Stationery Office, London.

Meurman, L.0., et al., 1974, Mortality and morbidity among the working
population of anthophyllite asbestos miners in Finland. 8r. Jcur. Ind. Meaq.
31: 106,

Miller, L., et al., 1965, Tests for effect of asbestos on tenzo(a)pyrere

carcinogenesis in the respiratory tract. Ann. N.Y. Acad. Sci. 132: 489.

c-126



illette, J.R. 1976. Analyzing for asbestos in drinking water. News of

fnviron, Res., Cincinnati, Nhio, Jan. 18,

Millette, C.R. 1379. Exposure to asbestos from drinking water in the
United States. EPA 600/1-79-150. Environmental Health Effects Research

Report, Nff. Res. Dev.

Millette, J.R., et al. 1979a. Aggressive water and water ytilities from
representative areas of the United States. Jour. Am. Water Works Assoc.

{Submitted)

Millette, J.R., et al. 1979b. C(oncentration and size of asbestos in water
supplies. Paper presented at NIEHS Workshop on the Biological E£ffects of
Mineral Fibers and Particulates, Washington, 0.C., June 7-8. (Submitted to

Environ., Health Perspect.)

Morgan, A., et al. 1975, Studies on the deposition of inhaled fibrous
material in the respiratory tract of the rat and its subsequent clearance
using radiocactive tracer techniques. I[I. Deposition of the UICC standard

reference samples of asbestos. Environ. Res. 10: 196,

Mount Sinai. 1976. Rapport final cornite d'eltide seir la seludbrite' daus

1'indestive de 1'amlante. Montreal, Canada. Annex,

Murphy, R.L.H., et al. 1971. Effects of low concentrations of assdestos.

New England Jour. Med. 285: 1271,

c-127



Myrray, H.M., 1907. Report of tre departmental committee an ccorcensas:ar

for industrial disease. Her Majesty's Stationery Cffice, _oncon.

National Institute for Occupational Safety and Heaith., 1372, ZIriterva fcr
a recommended standard: 0Occupat-onal exposure to asbestos. =-SM 72.10267.

U.S. “overnment Printing Nffice, Washington, 0.C.

Natfonal Institute for Occupational Safety and Health., [(976. Re-examina-
tion and update on the health effects of occupational exposure to asbestos.

U.S. Govermment Printing Office, Washington, 0.C.

Newhouse, M.L. 1969, A study of the mortality of workers 'n an asbestos

factory. B8r. Jour. Ind. Med. 26: 294,

Newhouse, M.L. and G. Berry, 1976. Predictions of mortality ‘rom mesothel-

ial tumours in asbestos factory workers. B8r. Jour. Ind. Med. 3. 147,

Newhouse, M.L. and G. Berry, 1979, Patterns of mortality 'n asbestos fac-

tory workers in London. Ann. N.Y. Acad. Sci. 330: 53.
Newhouse, M.L. and H. Thomson. 1965. Mesothelioma of pleura and peritoneum
following exposure to asbestos in the London area, B8r, Jour. [nd. Med.

22: 261.

Newhouse, M.L., et al. 1972, A study of the mortality of female asbestos

workers. Br, Jour. Ind. Med. 29: 134,

c-128



Nicholson, W.J. 197la. Measurement of asbestos fn ambient air. Final
report under Contract CPA 70-92. National Air Pollution Control Administra-

tion.

Nicholson, W.J. 1971b. Insulation hygiene progress reports 3: 2. Mount
Sinaj School of Medicine of the City University of New York,

Nicholson, W.J. 1974. Analysis of amphibole asbestiform fibers in municit-

pal water supplies. Environ, Health Res. 9: 165,

Nicholson, W.J. 1976. Case study 1: Asbestos - the TLV approach. Ann.
N.Y. Acad. Set. 271: 152.

Nicholson, W.J. and F.L. Pundsack. 1973. Asbestos in the Environment. In:
P. Bogqovski, et al. (eds.), Biological Effects of Asbestos. I[ARC, Lyon,
France. IARC Sci. Publ. No. 8. p. 126.

Nicholson, W.J., et al, 1971, Asbestos Afr Pollution in New York City.
In: H.M. England and W.T. Barry (eds.), Proc. Second Clean Air Cong. Aca-

demic Press, New York. p. 136.

Nicholson, W.J., et al. 1972. Asbestos contamination of parenteral drugs.

Science. 177: 171.
Nicholson, W.J., et al. 1975, Asbestos contamination of the air in public

buildings. Final report under Contract No. 68-02-1346. U.S. Environ. Prot,

Agency.

c-129



Nicholson, W.J., et al. 1978, Control of Sprayed 3sZestos surfices -

-

-Tglll

[RAY
(93]

school buildings: A feasibility study under NIEHS Cfontracs Yo, .

vat). Inst. Environ, Health Safety.

Nicholson, W.J., et al., 1979. Long term mortality experience of chrysc-
tile miners and millers in Thetford Mines, Quebec. Ann. N.Y. Acad. Sci.

330: 11,

Nicholson, W.J., et al. 1980s, Environmental Asbestos Concentrations in
the United States. [n: Proceedings of Conference on Asbestos and Mineral

Fibers, [ARC, Lyon, France.

Nicholson, W.J., et al. 1980b., Mortality experience of asbestos factory
workers: Effect of differing intensities of asbestos exposure. <Environ,

Res. (In press)

Nordmann, M. and A, Sorge. 1941. Lungenkrebs durch asbeststaud im t:erver-

such, Z. Krebesaorgch, S1: 168.

Nottle, M.C. 1977. Plant particles in kidneys and mesenteric |ympn nodes

of sheep. Aust. Vet. Jour. 53: 405.
Patel Mandlik, K. and W. Hallenbeck. 1978, Fate of ingested chrysotiie
asbestos fiber in the newborn baboon. EPA 600/1-78 069. Report prepared

for U.S. Environ, Prot. Agency.

Peto, J. 1978, The hygiene standard for asbestos. Lancet., 8062: 484,

Cc-139



Peto, J., et al. 1977, A mortality study among workers in an English as-

bestos factory. Br. Jour. [nd. Med. 34: 169,

Pontefract, R.D. and H.M., Cunningham. 1973, Penetration of asbestos

through the digestive tract of rats. Nature, 243: 352,

Pooley, F.D. 1973. Mesothelioma in Relation to Exposure. [n: P. Bogovski,
et al. (eds.), Biological Effects of Asbestos. [ARC, Lyon, France. [ARC
Sci. Publ. No. 8. p. 222.

Pott, F. and K.H. Friedrichs. 1972. Tumoren der ratte nach i.p.-injektion

faserformiger staube, Naturwissenschaften, 59: 318,

Pott, F., et al. 1976, Ergebnisse aus tierversuchen zur kanzerogenen

wirkung faserformiger staube und ihre deutung im hinblick auf die tumorent-

stehung beim menschen. Zbl. Bakt. Hyg., I Abt. Orig. B. 162: 467.
Pylev, L.N. and L.M, Shabad. 1973, Some Results of Experimental Studies in
Asbestos Carcinogenesis. In: P. Bogovski, et al. (eds.), Biological Effects .

of Asbestos. [ARC, Lyon, France. IARC. Sci. Publ. No. 8. p. 99.

Reeves, A.L. 1976. The carcinogenic effect of inhaled asbestos fibers.

Ann. Clin. Lab. Sci. 6: 459,

Reeves, A.L., et al. 1971. Experimental asbestos carcinogenesis. Environ,

Res. 4: 496.

c-131



Qeeves, A.L., et al. 1974, [Iahalation carcinogenesis from various Farms -¢

ashbestos. Envirgn, Res. 3: 178,

2obinson, C., et al. 1979, Mortality Patterns, 1940-75, Among wWorxers
Employed in an Asbestos Textile Friction and Packing Products Manufacturing
Facility. In: R, Lemen and J.F. Dement (eds.), Ousts and Disease. Pathotox

Publishers, Park Forest, [1linois. p. 131.

Rohl, A.N., et al. 1976. Asbestos exposure during brake lining maintenance

and repair. E£nviron, Res. 12: 110.
Samydra, A., et al. 1978. flectron microscope measurements of airborne.
asbestos concentrations. A prcvisional methodology manuai. Prepared under

Contract No. 68-02-2251. EPA 600/2-77-178. U.S. Environ. Prot. Agency.

Sanders, E. and C.T. Ashworth. 1960. A study of particulate intestinal

absorption and hepatocellular urtake. Exp. Cell Res, 22: 137.

Sawyer, R.N. 1977, Asbestos exposure in a VYale building: Analysis and

resolution., Environ, Res. 13: 146.

Schnitzer, R.J., et al. 1971. Interaction of mineral fiber surfaces with

cells in vitro. Ann, N.Y. Acad. Sci. 172: 747,

Schreiber, G. 1974, Ingested cyed cellulose in the blood and urine of man,

Arch, Environ, Health, 29: 39,

C-132



Sebastien, °., et 3al. 1976. Les polluticns atmosprerigues urbanies par

“'asbeste, Rev. Franc., Mal. Resp. 4: 51,

Dacniratary Trart and Gactraintactinal Trart Acpamdins o Cilon Tima -
"CoW I et 7 i U & Wi V@G VIl IWIIIG ] LA - § SR =) beU’Ung [ &) rlyer Iype ang
Civa Tme R | aman and ). R Namant [(ade ) Nijete amAd Nicasca Dadbhmatns
3128, in: R, Lemen angd J.X, Uement ([egds.), Justs and Disesse. FELNOTOX
Publishers, Park Forest, I[1linois. p. 65.

Seidman, H., et al. 1979. Short-term asbestos work exposure and long-term

observation. Ann. N.Y. Acad. Sci. 330: 6l.

Selikoff, I1.J. 1976, Lung cancer and mesothelioma during prospective sur-
veillance of 1,249 asbestos insulation workers, 1963-1974. Ann. N.Y. Acad.

Sei. 271: 44R,

Selikoff, I[.J., et al, 1964, Asbestos exposure and neoplasia. Jour. Am.

Med. Assoc, 188: 22.

Selikoff, I[.J., et al, 1965. The occurrence of asbestosis among insulation

workers in the United States. Ann. N.Y, Acad. Sci. 132: 139.

Selikoff, I1.J., et al, 1968. Asbestos exposure, smoking and neoplasia.

Jour. Am. Med. Assoc. 204: 106.

[ P T 1089 £0 Tao M A Chamdma [ad ) [ PN Tod [P | O ivmanamimeda

WOrKerd>, LJ%J-0O. M. MeAe INAPITUY (BUJy FITr, LTTLe WUNT . FHITWRAUIIVI I,
—

A PPy SR [ R, Avlamad Ilad., DBunasas  amad o = - 1anMn

JOnIanmnieduvr g, JATQUry Untvy, FreEssy, wapeLuwn, Me 40UV



Selikoff, [.J., et al. 1972, Zlarcinogemicity of 2amcsite i1szestas,  irom,

faviron. Health, 25: 183.

Selikoff, [.J., et al., 1979a. Mgrta'ity experienrce of :nsulation worcars

in the United States and Camada, 1943-1977. Ann, N.Y. Acad. Sci. 330: 31,

Selikoff, [.J., et al. 1979b. Asbestos disease in United States shipyards.

Ann. N.Y, Acad. Sci. 330: 29S.

Shabad, L.M., et al. 1974, Experimental studies on asbestos carcinogeni -

city. Jour. Natl. Cancer Inst. 52: 117S.

Sincock, A.M. 1977. In vitro Chromosomal Effects of Asbestos and Other

Materials. In: Origins of Human Cancer. Cold Spring Harbour, 1976.

Sincock, A. and M. Seabright. 1975. Induction of chromosome changes in

Chinese hamster cells by exposure to asbestos fibers. Nature., 257: S6.

Smith, W.E. 1973, Asbestos, talc, and nitrates in relation to gastric can-

cer. Am. Ind. Hyg. Assoc. Jour. 33: 227.

Smith, W.E. and 0.0. Hubert. 1374, The Intrapleural Route as a Means for
Estimating Carcinogenicity. In: E. Karbe and J.F. Park (eds.), Experimental

Lung Cancer. Springer-Verlag, Berlin., p. 92.



Smith, W.f., et al. 1965. Tests for carcinogenicity of asbestos. Ann,

Comi b N a*t a2} 1470 Am vmamimantal Madal €am Criidy, ~f ansmmaima
AN T, Welay ai 477U, AT CAWET Tiigrnea s ryvue | Py JLUUy Or LOCarCine -
aanacic in tha Raeniratnry Trarst Tme D Nattachaim a+ 21 {ade [ VyRguy iy
yeiiva 9 TS Cow Swvr gy e = afta CwLLINIC iy Cw Q7 \CUI ./, FWIT PNV
Yoav of Experimental Rec¢niratory Carcinoagenesic U.S, Atomic Enerayv [nmm

~J A - il w4 - Sew g s - hd- ACERAR BUR e v WY - ellel Yy wi/UiB

Stanton, M,F. 1973, Some Etiological Considerations of Fibre Carcino-
genesis. In: P. Bogovski, et al. (eds.), Biological tffects of Asbestos.

[ARC, Lyon, France. [ARC Sci. Publ. No. 8. p. 289.

Stanton, M.F, and C. Wrench, 1972, Mechanisms of mesothelioma induction

with asbestos and fibrous glass. Jour. Natl. Cancer Inst. 48: 797,

Storeyaard, A.R. and A.L. Brown, 1977. Penetration of the small intestinal

mucosa by asbestos fibers. Mayo Clin. Proc. 52: 809.

Taskinen, E,, et al, 1973, A current hypothesis of the lymphatic transport

of inspired dust to the parietal plteura. Chest. 64: 193.

Thomson, J.G., et al., 1963, Asbestos as a modern urban hazard. S.A. Med.

Jour. 37: 77.

Timbrell, V. 1965. The inhalation of fibrous dusts. Ann. N.Y. Acad. Sci.

132: 255,

W
un

»—



1.5, EPA, 1974, A preliminary report on asbestos in tne Zu'_.tm, Mi~rzgzta,

area., Nff. of Tech. Analysis, January,

.S, EPA, 1976, Quarterly repart of the Environmental Sfesearcn _acoratcry-

Ouluth, Jctobar -December, 1976, p. 5.

U.S. EPA, 1977, Comparison of ambient asbestos levels determined by vari -

ous laboratories. Environ. Moni<or. Support Lab. September.

Volkheimer, G. 1974, Passage c¢f particles through the wall of the gastro-

intestinal tract. Environ, Health Perspect. 9: 215.

Wagner, J.C., et al. 1960. Oiffuse pleural mesothelioma and asbestos expo-

syre in the Northwestern Cape Prcvince. Br, Jour. Ind. Med, 17: 260.

Wagner, J.C., et al. 1973, Mesotheliomata in rats after inoculation with

asbestos and other materials. B8r. Jour, Cancer. 28: 173.

wagner, J.C., et al. 1974, The effects of inhalation of asbestos in rats.

8r, Jour. Cancer 29: 252,
Wagner, J.C., et al. 1977a. Animal Experiments with Talc. [n: W.C. Walton

(ed.), Inhaled Particles and vapors, [V. Pergamon Press, New York. (In

press)

Cc~136



Wagner, J.C., et al. 1977b. Studies of the Carcinogenic Effect of Fibre
Class of Different Diameters Following Intrapleural Inoculation in Experi
mental Animals. In: Natl, Inst. Occup. Safety and Health Symp.  Occup.

Exposure to Fibrous Glass. Univ. of Maryland, 1977. (In press)

wallingford, K.M., 1978, C(Chrysotile asbestos in industry. Paper presented
to Natl. Inst. Occup. Safety and Health meeting, Washington Baltimore sec

tion of the Am. Ind. Hyg. Assoc., February,

webster, . 1970. Asbestos Exposure in South Africa. In: H.A. Shapiro
(ed.), Pneumoconiosis Proc. of Int. Conf., Johannesburg. Oxford Univ.

Press, Capetown. p. 209,

Weill, H., et al. 1979. Influence of dose and fiber type on respiratory
malignancy risk in asbestos cement manufacturing. Am. Rev. Resp. Dis.

120: 34§,

weiss, A, 13953, Pleurakrebs bei lungenasbestose, in vivo morpMologisch

gesichert, Medizinische., 2: 93.

Weiss, W. 1971, Cigarette smoking, asbestosis and pulmonary fibrosis. Am.
Rev. Resp. Dis. 104: 223,

Westlake, G.E., et al. 1965. Penetration of colonic mucosa by asbestas

particles. An electron microscopic study in rats fed asbestos dust. Lab.

Invest. 14: 2029.

c-137



Wigle, O.R., 1977. Cancer mortality in relation to asbestos in munic-gal

water supplies, Arch. Environ. Health, 31: 185

Winer, A.A, and M., Cossette. 1979, The effect of aspect ratio on finer

counts: A preliminary study, Ann. N.Y. Acad. Sct. 330: 661.

c-118



Appendix [

Sample calculation of risk per 106 fibers/day ingested using a linear

dose response relationship,

16.8 x 10 x 1 x 1
600(f/m) yrs 8 x 10° m1/day
A B C
x i X 70 years x L X 106
200 5
0 E F G
A Percentage of excess Gl cancer and peritoneal mesotheli -
oma in study group.
8 Exposure index.
C Exposure took place_for hours and the worker was as-
sumed to breathe 1 m3/hr (106 ml/hr),
0 Conversion from optical counts (fibers >5 um) to electron
microscopic counts (al) fibers).
E 70-year exposure to water is assumed.
F « Exposure was concentrated in S days rather than 7 days/
week .
€ = Calculation is for a 70-year risk per 106 fibers/day.
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ippendix !

Sample calculation of risk per ug 2f asbestos °“ngestec Js'na a1 -
3 -

sar dose-response relationsnip,

16.8 x 10-2 x 1 x 1 x 033 f'n1 x 70 years «
600(f/m1) yrs 8 m3/day ug/m3

A 8 C 0 E

[V 1

L}

A = Percentage of excess GI cancer and peritoneal mesotheli-
oma in study group.

B = Exposure index.

C =« Exposure took place for 8 hours and the worker was as-
sumed to breathe 1 m3/hr.

0 = C?nversion of 30 ug/m3 per 1 f/ml of chrysotile (Table
2).

£ « 70-year exposure to water is assumed.

F = Exposure was concentrated in 5 days rather than 7 Zays/
week .
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Appendix 1!

Summary and Conclusions Regarding the
Carcinogenicity of Asbestos~*

Asbestos is a collective mineralogical term referring to naturally oc-
curring minerals which have crystalized in the form of masses of long fibers
which can be easily separated. This term also commonly refers to certain
mineral occurrences in which fibrous silicate mineral can be extracted and
used commercially for insulation, textiles, brake linings, asbestos cement,
construction products, etc. Chrysotile, the fibrous form of serpentine,
provides over 95 percent of the approximately 900,000 tons of asbestos con-

4 Py

ing asbestos used consists

sumed each year in the United States. The remain
of the fibrous amphibole minerals crocidolite, amosite (fibrous grunerite),
and anthophyllite. Fine dusts produced from the mining, milling, manufac-
turing, and use of these asbestos minerals contain discreet microscopic,
elongated mineral particles of “fibers" which when inhaled by man are known
to cause bronchogenic carcinoma and pleural and peritoneal mesothelioms.
Asbestos particles and other inorganic fibers introduced into the pleu-
ra, peritoneum, and trachea of rodents have induced malignant tumors in
numerous studies reported in the literature. Limited and contradictory data
exist for the carcinogenicity of asbestos administered to animals dy inges-
tion. One study in which asbestos filter material was fed to rats (Gibel,
et al. 1976) reperts 12 malignant tumors in 42 exposed animals versus only 2

liver cell carcinomas in 49 control animals., Electron microscope analysis

*This summary has been prepared and approved by the Carcinogens Assessment
Group of EPA on June 23, 1979.
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of anima’ tissues “or 3sDestos ingTcates tmat crgestagd fiters zan acc T, 3tg
at manry sites “ollowing nematicenaus <r 'mporatic tracsoort 2f rcegtac
fibherg which pass thrcugh tre gastrointestira’ —uCCsa.

“he strongest avidence for the carcinogenictty 3¢ irgested astestos s
provided by epicdemiology of pooulations cccupationally exposed to hign con-
centrations of airborne asbestos dust. [nhalation exposure to asbestos dJust
is accompanied by ingestion exposure because high percentage of inha'ed
fibers are removed from the respiratory tract by mucociliary clearance and
swallowed. Peritoneal mesothelioma, often in great excess since it is very
rarely observed in the absence of asbestos exposure, and modest excesses of
stomach, esophaqus, colon-rectum, and kidney cancer have been observed asso-
ciated with occupational exposure.

The influence of long-term chrysotile fiber contamination of San Fran-
cisco Bay area water supplies or cancer incidence has recently been studied
by the University of California under an EPA grant. Significant dose
response gradients for the incidence of several cancers, including wnite
male lung and stomach and white female esophageal and peritoneal cancer,
were noted independent of the effect of socioeconomic status. Other water
supply studies are of limited value due to factors such as very low exposure
and insufficient time elapsed since initial exposure of the population.
Mservation in human crine of mineral fibers previously ingested with drink -
fng water has established that ingested asbestos can pass through the human
gastrointestinal mucosa and migrate to various tissues.

Asbestos is a known carcinogen when inhaled. The demonstrated ability
of asbestos to induce malignant tumors in different animal tissues, the

passage of ingested fibers through the human gastrointestinal mucosa, and

the extensive human epidemiologizal evidence for excess peritoneal, gastro-
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intestinal, and other extrapulmonary cancer as a result of asbestos exposure
suggests that asbestos is likely to be a human carcinogen when ingested.

The water quality criterion for asbestos particles is derived from the
substantial data which exist for the increased incidence of peritoneal meso-
thelioma and gastrointestinal tract cancer in humans exposed occupationally
to asbestos. This derivation assumes that much or all of this increased
disease incidence s caused by fibers ingested follo§1ng clearance from the
respiratory tract. Several studies, including one of 17,800 insulation
workers, allow the association of approximate air-borne fiber concentrations
to which individuals were exposed with observed excess peritoneal and
gastrointestinal cancer. A1l of the inhaled asbestos is assumed to be even-
tually cleared from the respiratory tract and ingested.

The water concentration, calculated to keep the individual lifetime can-
cer risk below 10'5. is 300,000 fibers of ail sizes/iiter., The corre-

sponding mass concentration for chrysotiie asbestos is approximateiy 0.05

esa
wg/iiter
MNawd abdmn ol bha Liakaw MN:2alibd, Pfoldandan £famw Acshasstaas
VErivaLion Ur L RaLer Yualiiby LT TLET 1M TUT AIWEILLUD
Tha swdbdawsd am Baw soehmaedbas mambdirnllae {n wataw (¢ Adamiuvad Ffuam tha ek _
P LY 1TLEvy 1uir 1 vy dIVEIWVUIY paT LVILIRD th waeg?r 19 JUgr ivgu TOWAR MIT JUW =
etantial Aats whirh aviet far Ptha {nsrrascad {nsidanra Af naritanas)l macntha _
PNV ITT UTT Wril i\l CAII. 1 U ity HHiILW SeIGw w1 WSIlwE W ‘AR L% - T P T

ease incidence is causad by fibers ingested fo11o~1ng‘clgaranc; from the
respiratory tract. Several studies, including one of 17,800 insulation
workers, allow the association of approximate airborne fiber concentrations
to which 1individuals were exposed with observed excess peritoneal and
gastrointestinal cancer. Al]l of the inhaled asbestos is assumed to be even

tually cleared from the respiratory tract and ingested.
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Excess deaths dJue to peritoneal mesothelioma and gastrointestiral carcer
(1CH 150-15R8) equal apcroximately 12 percent of the expected numper 2°
“eaths “or asbestos workers 'n three Zifferent cohorts studied. An 3iverage
axposure index of 430 years x fibers >5 um/ml is calculated for %these work -
ers by multiplying average air fiber concentration estimates by average
years of exposure time.

Since water measurement for asbestos requires electron microscope analy-
sis for fibers (asbestos particles with length to width ratios >3.0) of all
sizes, the occupational exposure index must be converted from fibers >5 um
(optical microscope) to fibers of all sizes (electron microscope). A ratio
of 200 electron microscope identifiable fibers to one optical microscope
identifiable fiber is used for chrysotile asbestos in workplace 2air samples.
A much smaller ratio is expectad for amphibole fibers.

Assuming a linear dose response, occupational exposure of § days/week
and 8m3 air inhaled/workday, and 70 years for ingestion of drinking water,
the criteriom is calculated as follows:

(430 £>5 um/ml - years) (5/7) (200 f/f>5 um) (1/70 years)
A B8 c 0
(108m1/m3) (8m3/day) (1073/1.2 x 107}
E F G
600,000 fibers of all sizes/day

>
[}

Exposure index in years x fibers >5 um/ml from Selikoff, et al. (1976,
1979a) and Newhouse and Berry (1979)

[0 +)
[ ]

NDccupationa) exposure for 5 days versus 7 days for water exposure.

o
[ ]

Conversion from optical counts (F >5um) to TEM counts (all fibers) in
fibers/fibers Sum

Q
[ ]

70 -year exposure is assumed for drinking water.

E = Conversion from m] to m3.



(3]
|
J=>
3

—

1.2 x 10’1 from Selikoff, et al. (1976, 197%a) and Newhouse and Berry
(1979).

Based on these parameters and an average ingestion exposure of 2 liters
of water per day, the water concentration calculated to keep the individual
lifetime cancer risk below 107> is 300,000 fibers of all sizes/l. The
corresponding mass concentration for chrysotile asbestos based on occupa

tional data is approximately 0.05 ug/l.
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